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ADVERTISEMENTS. 



Proceedings of the Seventh Meeting of the 
Indian Roads Congress held at Delhi on 
January 23 to 28, 1941. 
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Tlic Session was formally opened bj* tlie Hon’ble Sir A. G. Clow, 
C.S.I., C.I.E., I.C.S., Member of Governor-General's Execulive Council, 
in charge of the Departments of Communications and Railwa3’s, on tlie 
23rd January, 1941. 

In asking the Hon'blc ]Member to open the Session Mr. K. G. Mitchell, 
C.I.E., I.S.E., Consulting Engineer to the Goveniment of India (Roads), 
President of the Indian Roads Congress, delivered the following address: — 

Just over 6 j’cars ago there was convened in Delhi, at tlie invitation 
of the Government of India, a meeting of 73 Engineers of Provinces and 
States, and representatives of businesses connected with roads, from which 
meeting the Indian Roads Congress resulted. Por the first and three 
subsequent meetings tlie entire cost was defrayed by the Government of 
India from the Road Fund. Subsequently, the Governments of Provinces 
and States agreed to defray the expenses of their delegates (who must 
themselves be subscribing members of the Congress). 

2. From its inception, the Congress has steadily grown altliough 
there arc still many who would, we feel, benefit by joining. The atten- 
dance at annual meetings also has been greater since Provinces and States 
were free to decide how many delegates they would send, than when the 
Government of India paid the bill. The attendance at our last full 
meeting was lar. 

3. These meetings require much organization in advance, and some 
months ago the question was whether the full Seventh Session should be 
held on this occasion, or whether, as a war economy, it should be abando- 
ned. On the one hand, we believe that the Congress is definitely useful, 
and that the c.\pensc of annual meetings, divided over all Provinces and a 
number of States, is trifling. On the other hand was the feeling that, in 
tlie a^egate, the expenditure is substantial, and that it should, for the 
present, be avoided. After reference to the Council and to Provincial 
Governments, we reached the compromise of having a meeting of the 
Council onl.v. This should in many waj-s prove an advantage since the 
Council has' mudi business to transact for which there is insufficient time 
rvhen full sessions are in progress and at the same time have advantage of 
tlie presence of local members. 

4. That is tlie reason w’hy this meeting is numerically small. We 
would have preferred that, here in Delhi, we should have been at full 
strength, since it is here that w’e have the privilege of meeting you. Sir, 
the Member of the Executive Council in-charge of tlie Department of 
Communications. It is indeed possible that our next full meeting will be 
held in Delhi, before we go on our rounds again. Despite our small 
numbers, however, our welcome to you and to Hon'blc Mr. Roy is not the 
less cordial. 

5. Before I proceed, I must refer to Ihe great loss sustained by us in 
the death recently 'of Rai Bahadur S. N. Bhadmi for many. years Chief 
Engineer, Gwalior and Diwan Bahadur N. N. Ayyangar, Chief Engineer, 
Mysore who were tivo-of the original members of the Congress and of the 
Council, and Vice-Presidents of .fte.,Cougrc5S. They were also great 
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builders of bridges and of roads of which the roads of Gwalior and Mysore 
show many fine examples. We shall greatly miss their genial presence at 
our meetings and the benefit of their ripe experiences. 

6. Sir, it is natural and inevitable that the first question, which 
should arise in connection with this meeting, is that of the activities of 
this Congress in relation to the war. I^t year I expressed some app- 
relieiision, lest further retrenchment In the provision for road maintenance 
become necessary, because, where the provision has already been severely 
pared, further reduction must mean deterioration. Moreover, we now 
see widespread expansion of the army on wheels all around us, and it 
sometimes appears to be forgotten that it is not possible to separate into 
water-tight compartments the subject of the roads and their maintenance, 
and that of the intensity and type of transport which uses them. I repeat 
that the members of this Congress will do all in their power to preserve 
the roads from deterioration, but that, because of the expansion of the 
mechanised army, any cut in the provision for maintenance would be even 
more unfortunate tlian it appeared to us a year ago. 

7. It is obvious, also, that the development of tlie army on wheels 
will require some adaptation or improvement of a number of important 
roads, particularly because since the development of railways, this con- 
sideration has not been prominent in our planning. In the immediate and 
emergent adaptation that may be necessary, the members of this Congress 
will welcome tlie opportunity of making some small contribution to the 
general war effort. Looking furtlier ahead we see tlint the army of the 
future will be highly mobile, and while some of it may be able to travel 
across counto', mudi will be dependent on good roads, and this aspect of 
road planning will not again, 1 believe, recede so far into the background 
as it had done in our time. 

8. But at times like these, when the old order of many things is 
changing, it is natural to look to the happier and more distant future, and 
we in this Congress arc concerned with lliat of roads in India, and their 
efficient development, as one of tlie most essential of public services. 
The conclusion of the last war saw the commencement of commercial 
motor transport in the mofussil of India brought about by the release of 
numbers of vehicles no longer required by the army. Likewise, at the 
end of this war, there will be very much larger numbers of vehicles and 
trained drivers looking for useful employment. This release will, I 
believe, much more than make up for the shrinkage in civil transport 
that may occur during the war and will be one of tlie many difficult 
problems of post-war adjustment, for which plans should be laid in 
advance. There is an immense milage of roads in India in areas unserved 
by any modern means of transport and the improvenient of some part 
of that milage ivould ease the position. Failing any extension of the roads 
suitable for liglit intensities of motor traffic we shall, I fear, see a repeti- 
tion of overcrowding' and cut-throat competition on the main routes. 
Here is food for anxious •^lought and a field iii which the members of 
this Congress, given the liioney necessary, could do much good. Clearly 
there is much more profitable work to be done than there will be money 
to do it with. Everything that we can, ^o to improve .what we call the 
'road -rupee ratio*, should be done. 
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g. Looking at the Indian road system as it is today, there appears 
to us to be a number of unsalisfactor3' features upon which this Congress 
feels itself entitled to express an opinion, but not to attempt to give a 
verdict. It was for this reason that at its meeting in Bombay just over 
a year ago the Congress adopted a resolution advocating the appointment 
of a strong committee to examine the whole road position, and to make 
recommendations. That resolution was forwarded to the Government of 
India, but we understand, and we readily appreciate the difficulties, that 
Government find themselves unable to move, owing, firstly to the pre- 
occupations of the Central and Provincial Governments with the war, 
and, secondly, to the uncertain future consitutional and fiuancial back- 
ground against which any committee would have to consider the large 
issues involved. 

10. While, however, we must regretfully recognise the inevitability 
of the postponement of the comprehensive review which we believe to be 
necessary, I may perhaps be permitted to refer shortly to certain of the 
salient points with which such a committee would, we feel, be at once 
confronted, giving at the same time my personal view thereon which 
generally represents, I believe, that of the members of this Congress. 
From the necessity of brevity, certain of the comments, which I offer, may 
appear to be somewhat blunt, but I disclaim any intention of implying 
that there are not other points of view on these matters. 

11. Such a committee, then, would have to consider the following 
questions ; — 

Firstly, is the present condition of roads in India adequate to her 
needs, and, if not, does the policy followed in recent years, including the 
institution of the Central Road Fund, promise the necessary improvement?!^ 

In my opinion the answer to those questions must be in the negative. 

Secondly, are the reasons for the defects in tlie present system 
fiuancial, administrative or technical ? 

Here the answer, I venture to sa}', is that all the three are concerned..^ 
As regards finance, I believe that a thorough enquiry would show that, for 
adequate development and maintenance, far larger sums would have to be 
provided than heretofore, and tliat the problem of making up arrears of 
development within any reasonable period of time transcends the possi- 
bilities of finance solelj' from revenue. If the cumulative loss through 
inefficient means of transport, rural stagnation and disease, and wear and 
tear of vehicles and cattle, were calculable, it would, I am confident, be 
found that the recovery of some of that loss w’ould repaj’ the expenditure 
of borrowed money. I also believe that the question of maintenance should 
be more squarely faced than sometimes appears to be the case. Much 
money has been spent at times in reconstructing roads, the maintenance 
of w'hidi had been neglected, and no public auUiority should ever spend 
money on road development without reasonable assurance that tlie funds 
for the future maintenance of those roads will not only be available, but 
will be provided, • 
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12. On the administrative side there are the existing division, 
which, in some parts of India is almost water- tiglit, between provincial and 
local roads; and the fact that generally the condition of the former is far 
superior to that of the latter. This is, I know, a delicate question, but 
the facts are patent for all to see. Our railways complain, and not with- 
out some justification, that commercial motor transport has concentrated 
on the main Provincial roads, parallel to, or short-circuiting, the railways, 
in order to share in the traffic already created by the railways, but lias 
neglected short haul transport of goods and passengers on rural roads 
complementary to the railways, which offers an almost boundless field 
of extremely useful and lucrative public service. It is notorious that 
there are other causes, besides the relative condition of tlic different 
classes of roads, which have contributed to this development in the past, 
but it is equally certain that it is the unbalanced state of the road system 
which has led, in no small measure, to the unbalanced distribution of motor 
transport. The reasons for the lack of balance are partly financial and 
partly technical. On the financial side I would only suggest tliat the 
tendency all over the world, witli the increasing range of road vehicles, is 
to transfer the financial burden from the locality to a wider area of tax- 
paj'ers, more thoroughly representing those wliicli use tlie road. More- 
over, the smaller the administrative unit the more does its finance become 
dependent upon year to year fluctuations of tlie hlonsoon, and the less 
can regular provision for maintenance be assured. On the technical side 
(in relation to the administrative asjiect) modern road construction is a 
rapidly developing science, and it is not natural to suppose that the 
isolated local-board engineer can ahvai’S have at liis disposal the knowledge 
and experience neccssiary. He is indeed placed in an unenviable position 
when deprived of the advice and control of otiiers of wider experience to 
sliare his responsibility. 

13. The third main reason for the backward state of roads in India 
I have described generically as technical. But lln's, I must emphasise, 
includes the technique not only of road making, but also that of tlie 
vehicle tliat uses the road. No one designs a railway without regard 
to tlie type and weight of the locomotives and rolling slock that are 
to use it, nor is- the railway bridge engineer called upon to provide 
a bridge to carry any load which the locomotive engineer chooses to 
run over it. But that is very much the position in respect of roads. 
It is the opinion of this Congress that tlie unrestricted use of the 
road by bullock-carts carrying heavy loads on narrow and deformed 
steel tyres is a source of immense loss to the coinnuuiity, and otic of 
the greater obstacles in tlie way of the provision of an adequate road 
system at reasonable cost. That slatcinent we believe to be incontro- 
vertible. The community may prefer this slate of affairs to any allempt 
to remedy it. Our only care is that it should make the choice with its 
eyes open. Tlie cart itself is, moreover, an extremely inefficient piece 
of transport machinery, and the Congress lias in consequence been 
endeavouring to focus public attention upon the desirability of conversion 
of bullock-carts to pneumatic tyres, by presenting modem carls as prizes 
at shows and in other ways. That, of course, is an iiiiincnsc problem 
whidi will not be solved in a few years, but it is in our view deplorable 
tliat the arrangement should subsist whereunder the community^ pays 
for the roads, and the private individual ’.ii free to destroy them without 
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realising what harm he is doing, and we believe that the question should 
be thoroughly ventilated. 

14. There remain the many tecliuical questions relating to the 
economical and efficient construction and maintenance of roads, so as 
to provide a safe and economical ser\nce to tlie community. Here the 
problems are, firstly, research, and secondly, intelligence. The latter 
is equally if not more important than the former, because, under the 
conditions in which most of us work, it is difficult for the individual to 
keep himself up to date with the process of knowledge which he should 
possess. I believe that in the creation of this Congress we have gone 
a long way in the direction of ensuring the widest possible distribution of 
available knowledge. There is still a need, I personally believe, for a 
modern text book of road engineering in India, not only as a basis for the 
training to be imparted in engineering colleges, but as a constant reference 
book for the j^oung engineer and even for the older among us who, as years 
go on, forget parts of our A, B, C. Towards the preparation of such a text 
book the Congress has made various sorties, but it has not so far been 
possible to find any individual with leisure to do the neccssarj' spade work. 

15. Among the objects of research, which is at present being 
conducted, I may mention tliat into the property of soils and the 
possibility of their improvement, being carried on at the Punjab Irrigation 
Research Institute; and the testing of superior road surfaces which has 
been commenced on the Test Track at Calcutta. In neither of these has 
our progress so far been what we would have wished, and I leel that tlic 
subjects should be attacked with greater vigour than has been possible in 
the past. I am frequently asked what practical results I expect to get 
from soil research. To this question it is not possible to give a definite 
answer, partly because, if the answer were known, research would not be 
necessary. It may be tliat, as a result of tins work, we shall regretfully 
be forced to the conclusion that uotliing which the «'it of the scientist and 
the engineer together can devise will enable us to make any substantial 
improvement to natural eartli roads under the wear and tear of medium 
bullock-cart traffic. I am not myself as pessimistic as that, but I feel that 
even a definite answer of that nature would give us valuable information, 
and leave us witli three clear alternatives which are («) stagnation, or (6) 
the expenditure of immense sums of money for the construction and 
maintenance of metalled roads or of less sums for trackwaj's, or ^c) a 
widespread revolutionary change in the form of the bullock-cart. But 
there are other aspects of soil research. Man}' of our main trunk roads 
have relatively narrow metalled surfaces, and, witli tlie increase in motor 
traffic, the loss of life due to accidents arising out of the dangerous state 
of the earth berms, is appalling. Soil research may help us to improve 
those berms and to reduce that number of accidents, or it may show us a 
way to widen the existing metalling at less expense than is now necessary 
b}’ orthodox methods. 

16. On the Test Track at Calcutta we have set ourselves Uie 
difficult task of endeavouring gradually to ascertain the most economical 
type of construttioh^ of bituminous or tarred roads under mixed bullo^- 
cart and motor’ traffic, whicli- is aw exceedingly damaging combination. 

viii 




PKBSIDBNTtAt, AdDRBSS 


1 


Our experiments so far have barely touched the fringe of this difficult 
subject, because we have started with tests of a metalled road, surface 
treated with tar or bitumen, which, for certain technical reasons into 
which I need not enter here, is the most difficult specification to test 
under the Test Track conditions. By the elimination, however, of all 
variables of climate and traffic, by the accelerated tests which we can 
undoubtedly get on the Test Track, and by careful quasi-laboratory 
observation and control, we hope to arrive more quickly at a comparative 
examination of different specifications, than would be possible by com- 
paring the results on different lengths of open roads, subject to a variety of 
differences in climate and traffic. 

17. I will not, however, weary you with a long catalogue of the 
various objects of research and experiment, because I think that the 
necessity is sufficiently obvious. I am, however, convinced that in this 
matter of research we have been too hesitant. Partly because of the 
temporary nature of the Road Fund and all that goes with it, and partly 
owing to other pre-occupations and lack of the necessary organization, we 
have embarked, I feel, only half-heartedly on a subject which should 
be dealt with either thoroughly or, possibly, not at all, by a central orga- 
nization. Whether or not more elaborate central organization should be 
set up is a question that has to be considered in the future. 

18. These are some of the points which, we consider, could usefully 
be examined by a representative committee, since, without a review of 
the whole position we feel that a more balanced road system in which the 
condition of the main roads will be much better than it is, and that of 
the rural roads will be as good — for their piurpose — as that of the main 
highways, will not be within measurable reach. Looking to the possibili- 
ties of the future, I would suggest, as one consideration, the sometimes 
forgotten canon of public finance that the authority or legislature, 
responsible for imposing the taxation from which certain revenues are 
derived, should be responsible for the proper expenditure of those revenues 
and should not, to the extent which is at present prevalent, give doles to 
some other authority and wash their hands off the results. This, coupled 
with the principle that the cost of roads should be distributed between 
different authorities according to the measure of the interest of each of 
them, suggests that, ultimately, roads in India will be divided into Central 
or Federal roads. Provincial roads and Local roads, on the basis of their 
use. This sub-division of responsibility for roads is now generally 
practised in Federal constitutions, and, if India were to follow suit, we 
should in time see a great system of national highways developed and 
maintained to a uniform standard, in relation to the traffic on the various 
sections, and independent of the finances of the sometimes not very 
affluent unit of Government through which the different sections pass. 
I am aware. Sir, that in the..changing constitutional position of recent 
years, and with the growing challenge to railways of motor transport, the 
Government of India have had no alternative but to’ discourage to some 
extent the use of the Central Road Fund for the developpient of the main 

. highways, when the regulation of traffic competing wjth railways on these 
'lughways was not only bej^ond their control, but itself in a somewhat 
disjointed condition,' Now that the machinery of control is in existence. 
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the danger is less and, while I firmly believe in the imperative necessity 
of developing roads in rural areas unserved by railways, as a lover of good 
roads I hope also that the time is coming when-money will be mote freely 
available to improve the efficiency, the amenities, and, above all, the 
safety of the main highways of the countrj’. 

19. Sir, I will detain you only a few minutes longer to refer briefly 
to the work that lies before this meeting. We are to consider the latest 
report of the sub-committee on soil research and the report of the technical 
sub-committee dealing witli the Test Track at Calcutta (to which I have 
already referred) and with a host of other matters. We have to consider 
a proposed classification of roads, which means the evolution of a brief 
formula of symbols from which the salient feature? of a road can be seen 
at a glance. We have also a proposal for a uniform classification or 
grading of traffic statistics in relation not only to total volume but also to 
the proportion of different types of vehicle and to unit weights. Such a 
classification is very necessary in order to enable us to compare on a true 
basis the performance of different types of road in widely scattered places. 
We have to consider how far we can afford to continue to give prizes of 
pneumatic-tyred carts at cattle fairs ; and we have an analogous proposal, 
to consider whether anything can be done to evolve a wheel, less damaging 
to roads tlian our steel-tyred enemy, that could be made in the village. 
The specific proposal for consideration here is that we should offer a prize 
for the best design. We have also a proposal from .^ssam to fonn a 
local branch of the Congress in that Province, and a number of other 
questions relating to the management of the Congress. 

20. A number of papers, actually 9, have been prepared which 
would have been read and discussed had the full session been held on this 
occasion. These have been printed as usual and will be circulated to all 
members for discussion by correspondence. The Council will make 
extensive tours of examination of roads in and around Delhi, where there 
is great variety, graded to the traffic of the different localities, including 
the finest all-conciete roads, nearly all possible variations of the use of 
bitumen and tar, trackways, and a demonstration of soil stabilization. 

21. I think we can claim, Sir, that we who have the responsibilit}' 
of providing the roads, by forming ourselves into this Congress, by writing 
Papers, and by our annual sfibscriptious w'hich, with a small subsidy from 
the Government of India, make us self-supporting, have done and are 
doing all or nearly all that we can to give you the best roads possible for 
the money available, and to fit ourselves to apply to the best advantage 
whatever further money may in time have been entrusted to us. 

22. Sir, I have kept 3'ou long, and it only remains for me to ask 
you to declare this meeting of the Council open. 


X 
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Declaring the meeting open Sir Andrew Clow said 


I share Mr. Mitchell's regret that circumstances make it difficult to 
secure at present any comprehensive review of road policy for we have 
now reached a stage when, if conditions had been more auspicious, we 
might well have paused to take stock of the position and decided how to 
set oilr course for the future. 

But the demands of the war on our energies are imperative and the 
situation, with its financial and constitutional uncertainties, is not one iu 
which reliable long-term plans can be prepared. Even in such a matter 
as road-making in India the war is already pldying' a big part, and it is a 
matter for satisfaction tliat in this sphere the war effort should leave 
behind it sometliing of lasting value to the community. 

If we were able to undertake any comprehensive review of what 
has been achieved in the last lo years, we should find ground both for 
satisfaction and for misgiving. The development of the main road system 
has been extensive, and it has had big effects on the life and the economy 
of India. 

Mr. Mitchell, who has done so much to lead and Inspire this deve- 
lopment, can look back on a big achievement. But few will question his 
appraisement when he refers to the unbalanced state of the road system. 
This is a subject on which any one who, like myself, is interested in 
railway traffic toudies with diffidence ; but it does seem tliat a dispropor- 
tionate amount of our resources has gone to developing the main arteries 
and that the large and virtually undeveloped rural tracts have got rather 
less than they deserve, and much less than they need. 

Mr. Mitchell’s analysis of the causes is instructive ; I wonder if to 
the factors he mentions, we should not add another. That is the unduly 
close connection between road development and the internal combustion 
engine. There has been a tendency to talk as if the motor vehicle was the 
only user of the road. We hear constantly of the needs of motor 
transport but very little of the needs of those wlio depend on time- 
honoured means of transport sucli as tlie bullock cart and the ehka. Can 
it be that this is because those interested in motor transport are more 
vocal ? They have a press to voice their woes, they form associations, 
they conduct propaganda, while their rivals on the road are mute. More- 
over, as town dwellers they. ...or might I even say we ?... .naturally 
tliink first of improving facilities between cities and along routes which 
are already familiar. . ' . , 

I 

biggest Indian road problems did not start 
with the introduction of motor transport ; they are not even now, in the 
main, problems of motor transport, aud they will not in the future relate 
solely to motor transport. The villagers needed a good road long before 
the internal combustion engine was invented ; and most of tiiem are 
waiting for it still. 

xi 
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Even among more modern forms of transport, tlic motor is not the 
onty one to be considered in planning roads. There is surely a future for 
the bicycle in India ; and the cyclist, whether he carries goods as many 
do now, or only himself, can be provided with an adequate track at a very 
small cost. This Congress is helping to restore a sense of proportion by 
considering questions of bullock cart traffic. 

The loud voice of the motor owner tends to make the public think 
that the problem is one of preventing the bullock cart from spoiling 
the motorists’ road ; you, gentlemen, know that it is more a problem of 
giving an adequate road to the bullock-cart itself. Here there should be 
an immense future for the pneumatic-tyred cart. I am not sure that I 
-share all Mr. Mitchell's financial views, but I believe that in some areas a 
loan to make it possible to transform all the carts over a large area would 
quickly justify itself. It would give an immediate saving in maintenance, 
and would enable us to develop the countryside at a far smaller cost per 
mile than is possible at present. 

Problems of that character can perhaps be tackled and solved bj’ tlie 
orthodox methods of securing funds and applying tlicm. But I doubt 
myself if the wider problem of rural transport is soluble by such methods. 
I find it difficult to visualize any loan or tax in money that will supply 
the countrj'side with the great network of all-weatlicr roads that it needs. 
Is it perhaps possible that the solution lies not with any external official 
agency but with the people themselves ? 

The capacity of most people in this country to contribute in money 
towards public work and public welfare is sorely limited, but there are 
multitudes who could contribute in kind. Here, where we are constantlj' 
told that so many have time to spare, road-making would bring quicker 
results than the spinning-wheel is likely to achieve. 

About 70 years ago Ruskin, who was then Professor of Art at Oxford, 
took his students out to build roads in the surrounding country. England 
scoffed at the absurdity of the idea ; for in this, as in other ideas, he 
was yems ahead of his time. He was trying to teach lessons that we have 
not yet absorbed full3' toda3' — the dignit3' of labour, the value of using 
one’s hands, the importance of social service and the need of common effort 
by all classes for all classes of men. 

It will be said that any big advance along such lines is hardly 
possible without a measure of compulsion and that the public at present, 
would not accept compulsion. I think that is true. Memories of 
centuries of begar remain, and this would seem like a return to the old 
days when roads, both in India and Europe, were made and maintained 
by forced labour. But such forced labour was feared and disliked 
because it was largely imposed by external authority on a limited number 
of poor men for the benefit of others. 

Would tliere always be the same objection to a free people resolving 
that all, rich and poor alike, shall give some days of their year to causes of 
common benefit ? Imagination glows at the thought of the '^bureaucrat 
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released for a few days from his files for the open road, the business man 
losing a few superfluous pounds in healthy exertion, the doctor getting an 
unusual tonic, the journalist writing his sermons in stones, the schoolmaster 
learning in a new school. 

Is this vision of the future merely a fantastic dream, perhaps a 
nightmare to some ? lam not sure. I am not advocating a policy, for as 
I have already suggested, this is not practical politics at present and the 
most enthusiastic advocate of uplift by compulsion will find, when the 
time comes, that there is a good deal that can be said against it. But it 
is occasionally profitable to ponder over questions that may arise in the 
future, and this is one of them. 

The people of Europe have long compelled their men to surrender 
years to tlie terrible and destructive demands of war. Is it not conceivable 
that the people of India may yet bind themselves to devote some days to 
the healthy and constructive needs of peace ? 
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intermediate screw pides for the foundation 

OF BRIDGES IN SOFT SOILS 
By 

M. S. Dokaswamy Iyengar, 

Chief Engineer, Travancore State. 


It is common knowledge that, of all branches of Civil Engineering 
works, the foundation problem, especially that of a bridge in sub-aqueous 
soil, is most uncertain and consequently it is one which is most difficult 
to decide with mathematioal precision, unlike other structural parts. 
Considerable literature on the subject has been produced by eminent 
engineers, all more or less based on personal experience, and though this 
has definitely helped to formulate unethods of solving several practical 
difficulties met mth in construction, one cannot, with any degree of 
accuracy, even now decide what the behaviour of the particular soil will 
be for the particular work that is proposed. It is general practice now 
to take trial borings at the site of a proposed bridge and determine the 
geology of the soil, basing on which the nature of the foundation is being 
decided. But even in this case, there are some unknown factors which 
make the decision very often faulty. The reason is that the action of the 
boring equipment tends to disturb the under^ound strata of soil to such 
an extent that the sample may bear very little resemblance to its normal 
form at the strata level. However, as a preliminary investigation, this is 
the onl)' means generally available for preparing designs and estimates. 
The result of experience in one of the bridge works, where the above 
statement has been proved, is the subject matter of the present paper 
which the author hopes will be of some interest to the members. 

The bridge in question is situated near Kottayam, Travancore, 
on a second class unraetalled road which is intended to carry lorries, etc. 
up to 5 tons or a moderate sized motor or diesel roller. Borings of site 
of the bridge in question, taken prior to the construction, showed 10 feet 
loose clay at top and 20 feet ordinary clay below. It w’as anticipated 
that stiffer clay would be available further below. On these assumptions 
and in accordance with the usual practice adopted in such soils at the 
locality, a bridge with screw piles was designed and the estimate was 
sanctioned. According to tliis design, the bridge platform carries a 10 feet 
roadway resting on rolled steel girders supported over ordinary screw 
piles, 36 feet long (Figure i), the soil being known to be clay. The load 
bearing on each such pile was calculated to be 8 tons and the area of the 
screw blade was 9^ square feet resulting in a pressure of ’84 ton per square 
foot. The work was taken up and the piles were screwed down one by 
one to the estimated depth. It was then noticed that.the screwing was 
ve^ easy and that the piles did not appear to be capable of bearing the 
requisite load. ' Therefore, a test load was applied, when each of the piles 

easily subsided further under* an 8-ton load. To find out, therefore, 

/ 
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what load the piles could bear, each pile was loaded with test loads in 
stages. To begin with, a load of 8 tons was imposed on one of the piles 
and allowed to remain. An immediate sinkage of o‘io foot was noticed. 
A week later, further subsidence of 0‘i25 foot was observed. A further 
load of 4 tons was then put on. This gave a further immediate subsidence 
of O'lO foot followed a week later by a further o'i 25 foot and two weeks 
later by a further 0*055 foot. The load was then increased to 14 tons. 
There was no immediate subsidence, but after a week a set of 0*14 foot 
was observed. The load was left in position and the dual total set after 
2 months was 0*57 foot. Consequently, the addition of piles at this 
jimcture to lengtiien the column and screwing them down to refusal did 
not seem practicable or profitable as no amount of screwing down further 
would enable them to bear a greater load. The only other alternative 
was to abandon the system of screw piles, thus proving that the clay met 
with was extraordinarily loose and could not be relied on for foundations. 
A similar experiment was made on another pile which has been screwed 
down to 30 feet below ground level. This showed similar results but the 
total set was o*6r foot. There was, however, nothing to indicate that 
imposition of a further load would not cause a further set. 
Instead, however, of abandoning these screw piles, the writer 
thought of the addition of another larger intermediate blade for 
each set of the pile thereby trying to see if the increased area of screw 
surface would not make up the required bearing power of the pile. 
Accordingly, intermediate cast-iron blades, 4J feet wide and 2 feet 7 inches 
in height with flanges on either side (Figure 2), were manufactured in the 
Stale Public Works Department Workshops and duly inserted under the 
top pile and immediately below the ground level, but between two inter- 
mediate piles. The whole column was then subjected to screwing with 
capstans. The result was phenominally satisfactory but gave somewhat 
varying results. The system of piles went down further to depths varying 
from 3 to 12 feet but refused to go down any further, owing to the 
combined resistance of the double screw, one at bottom and the other 
nearer the top. The capstans used had eight arms with four men on each 
arm. Thus the combined force of 32 men was found unable to screw 
down the pile any further and further attempts were stopped. This 
having been screwed to refusal, was test loaded and each pile was found 
to withstand a load of 14 tons without any subsidence, thus proving thni- 
it will be able to take all ordinary loads which may come over the bridge. 
The members of this Congress may work up the theory to explain how 
the system proved successful by the introduction of the intermediate pile. 
The writer was able to make a satisfactory job out of a very difiicult 
situation and it was thought that it could be copied with profit in similgr 
situations elsewhere. 
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THE FAILURE OF A MULTI-ARCHED MASONRV BRIDGE 

By 

S. K. Grose. b.c.e., a.m.i.e. (India), 

Assistant Engineer, Ptiblic Works Department, Chatbasa, {Bihar). 


Infrodttotion. 

All men, including that body of men called engineers live to learn, 
and even if it is only human to err, the engineer, for one, is never forgiven 
for any mistake of liis, which ultimately costs the lax-payers large sums 
of money. So it behoves us all to analyse carefully the causes leading to 
the failure of engineering structures, so that we may guard against the 
avoidable mistakes and pitfalls in similar constructions elsewhere by 
utilizing the knowledge gained from past failures. We must review our 
failures critically in the cold unbiassed attitude of the scientist and we 
should severely check tlie natural tendency to cover up our defects, which 
can only lead to further and probably more costly failures. 

In this paper the writer presents the broad details about the failure 
of an elliptical-arched stone masonry spill-bridge, wliich occurred about 
13 years ago. As usual, the human element about tliis failure is now very 
nearly forgotten and it is recorded hef las a tribute to the engineers con- 
cerned wiUi the reconstruction that t^iey all acted in the best of their 
beliefs and they spared no pains to ^ve this bridge, that was really not 
warranted by traffic requirements and should not have been constructed at 
all and should have been left to its fate when it was severely damaged 
by the Baitarini flood of 1927. 

History of the Bridge. 

The river Baitarini (the Styx of Hindu mythology) which rises in 
the hills forming the western boundary of the feudatory State of Keonjhar, 
forms for some distance the boundary between British India and the 
State, and at a point about 66 miles below its source, near the village of 
Jaintgarh, it is crossed by the main road from Chaibasa (36 miles) to 
Keonjhargarh (33 miles) which ultimately goes on to Puri (Jagannath) 
vta Jajpur Road. 
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In the year 1913 (after the separation of Bihar and Orissa from 
Bengal), detailed plans and estimates were called for constructing a high- 
level bridge across this river by the Government and negotiations some- 
how led to the States Engineer of the Orissa Feudatory States to be en- 
trusted with the work of preparing the detailed project for this bridge 
which was submitted by him at the end of 1913. The detailed plans and 
estimates were sanctioned by the Government in 1915 for the construction 
of a steel N-girder bridge of 2 spans of 200 feet each (width of roadway 16 
feet) and a stone masonry-arch^ spill-bridge comprising of 30 spans of 30 
feet each, (width of roadway 14 feet) forming the northern approach to the 
main bridge from Chaibasa side. The construction also of the above 
bridges was carried out by the States Engineer by his own staff and con- 
tractors and the bridges were officially opened on March, 5, 1917. The 
total cost of Rs. 3,23,189 was shared equally between the Government of 
Bihar and Orissa and the Keonjhar State. By a subsequent agreement, 
for the proper maintenance of the bridges, the charge of these bridges 
was made over to the Public Works Department of &e Government of 
Bihar and Orissa on November, 7, 1919. It will be of interest to note 
here that the roadway over the approach road and the spill-bridge at that 
time was only gravelled, consolidated with a hand-roller and for want of 
traffic, grass grew freely over the bridge and its approaches. The traffic 
preferred the old low level road which was kept sufficiently high and dry. 

After the spill-bridge had been taken over by the Public Works 
Department, an examination of the bridge with reference to the completion 
plans revealed the fact, that although the foundations of the main girder- 
bridge pier and abutments had been carried down to rock, the piers of 
the spill-bridge had been taken down about 9 feet only from ground level 
and left to rest on clay. Orders were immediately issued by the Chief 
Enpneer for taking borings near the spill-bridge piers, and the results of 8 
borings taken in 1920 conclusively proved that clay continued to as low' a 
depth as 35 feet below ground level. No rock was met with even at 40 
feet. It was then found from the records that the State Engineer when 
subinitting the estimate for the project in I9r3 had given an assurance ; 
" this hank ^northern) is fairly closely underlaid by rock [fhtis safeguarding 
the main-bridge abutment and preventing any extetisive scour).” Whether 
any borings to prove rock were actually taken before the constraction of 
the spill-bridge is not on record. The boring sections clearly showed up 
ae grave potential danger to the structure from possible flood scours, but 
it appears that it was not considered serious enough, for the Phinf 
Engines observed that the spill-channel would not come into operation 
except in very abnormal floods and that there were reasonable grounds for 
considering the spill-way quite safe from erosion of its bed. However, 
he ^ve strict injunctions "for taking adequate steps should any scour 
begin to take place", and ordered for a careful annud inspection of the 
spill-channel. No other safety measures were taken. 

Annual inspection reports on the condition of the spill-channel to 
see whether the main river was tending to develop the spill-channel into 
toe main stream, for the next six years, showed that toe spill-bridge stood 
high and dry and no flood water passed through it, but contrary to ex- 
pectations, on July, 29, 1927, a phraiomenal flood in the river Baita- 
rmi dealt a knock-out blow to this bridge aU of a sudden. There was a 
maxnnum depth of flow of 10 feet .through the arches (3 to 4 feet below 
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springing) and there was heavy scour all around the piers, maximum scour 
being 10 feet and the average scour 7 feet below bed level. The founda- 
tions of the piers of four ardies settled, one as much as i foot 6 inches 
and these arches cracked very badlj' — ^in one case 3 inches wide right up 
to the road surface. The bridge parapet walls also got cracked and kinked. 
Thus the troubles started with an erstwhile safe bridge, and all the sub- 
sequent attempts at reconstruction failed and the abandoned bridge stands 
now as a landmark near the southern boundary of Singhbhum, silhouetted 
against the background of the distant azure hills of Mayurbhanj. 

Geology of (he area 

In Soutli Singhbhum, the alluvium in the river valleys is underlaid 
by granitic rocks, in the form of boulders and gravels at varying depths, 
and higher up. the hill sides are capped with laterite which rests 
indifferently on mctamorpliic rocks of the Dharwarian Series and this 
top-soil is brought down by the rains as the rich red silt in tlie flood- 
water, The granitic rocks around Jaintgarh which vary from a basic facies 
to acid granite, are at most places of the felspathic type which, owing 
to sericitization by lij'drothermal agencies, have led to tlie formation 
of large Kaolin deposits. 

The presence of Kaolin in the alluvium crust (altliough very 
favourable for the growth of bumper crojjs of rice in this area), has led to 
the treaclierous 'Kewal' formation on which the spill-bridge piers had been 
unfortunately founded, and which settled and cracked so badly after the 
flood of 1927. The peculiar nature of the soil demanded special protection 
of tlie piers and flooring by adequate curtain walls and pitching which had 
been overlooked in the original construction. 

The River Baitarlni 

The river Baitarini wliicli rises in tlie hills on the western boundary 
of Keonjhar State at an altitude of some 2,750 feet, drains an area of about 
700 square miles of fairly densely wooded steep hiUy catchment of south 
Singhbhum and the State above the site of the bridge, and although it 
presents a practically dry bed during the summer season, like most rivers 
of Chota Nagpur, during the monsoons it discharges torrential floods charged 
ivith huge quantities of reddish silt at high velocities. By its periodical 
devastation of Orissa and the upland tracts, it has fully justified its name as 
the River of Hell (Styx). There are records of devastating floods in this 
river in 1864, 1874, 1896, 1920 and 1927. The flood in 1927 is regarded as 
phenomenal. This year also, (1940) there has been a heavy flood which 
caused breaches in the Bengal-Nagpur Railway in Balasore District, and 
badly damaged the anicut across this river at Akhuapada near the sea. 

At the site of the bridge, the river was known to be subject to 
exceedingly high floods at times, when the flood waters invariably spilled 
across the line of tlie original road which was practically level with the 
country. The importance of this characteristic feature of the river at the 
bridge site does not appear to have been fully realized in (he design of the 
spill-bridge which is discussed later. 

Before the designs for the bridges were taken up by tlie States 
Engineer, the Executive Engineer, Public Works Department who was 
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instructed to co-operate with him in discussing the features of tlie left bank 
and their bearing on the bridge project, ascertained from inquiries from the 
oldest villagers in 1913 that the highest flood level was reached (within liv- 
ing memory) in 1864, when it rained continuously for 13 days. The banks 
were overtopped and there was a moving sheet of water, a mile wide. The 
spill took 5 days to subside and there was a fairly strong current. 


Only four years before the construction of the bridge, the river 
spilled across both the banks, and again, during the heavy flood of 1920, 
the flood rose rapidly to within 20 feet below the girder bridge but there 
was no erosion of the bed of the spillway which was just reached by the 
floodwater. But the phenomenal flood of 1927 upset all previous records 
and calculations, and one of the many structures that were badly damaged 
is being discussed here. 


The Phenomenal Flood of 1027 

There had been daily rainfall in the catchment during the prece- 
ding weeik, and it started raining heavily on July, 28, 1927 and on July, 
28, 29, at Champua (on the other bank of flie river^ 22*24 inches of 
torrential rain fell in 13 hours from 8 A.M. to 9 P.M. That there was 
intense and widespread rainfall through-out this and adjacent catchments 
will be clear from the rainfall records (Table A) of the rain-gauge stations 
near about this area, and it is estimated that the run-off from this 
thoroughly saturated and fairly steep catchment was of the order of 80 per 
cent. All the rivers in Singhbhum were in heavy floods and the flood in 
the Eiharkhai put out of action the railway bridge near Jamshedpur which 
was also flooded in parts by the Subarnarekha. 


The villagers living on the side of the hills in Keonjhar State found 
a vast sheet of water coming down with great velocity, a sight never 
seen by them before. This vast sheet of water swept away every thing 
on its way,— cattle, houses, men, all kinds of wild animals, and even 
eleph^ts into the river Baitarini. In the plains of Orissa, milps below 
the bridge site, this phenomenal flood-flow was obstructed by the Bengal- 
Nagpur Railway embankment, the Orissa Trunk Road and the high- 
level canal embarikments which were breached in innumerable places and 
suffered the heaviest losses ever known. Due to the breaches in the 
railway embankmmt between Baitarini Road Station and Kenduapada 
Road Station, railway traffic on this main Calcutta-Madras route was 
closed for about two months. This flood in the Baitarini was not only 
the highest on record but also the swiftest. The rise in the flood level 
was about a foot per hour whereas usually it is 3 to 4 inches per hour. 
No data about acimal observation of the surface velocity of this pheno- 
menal nood is available but it has been estimated by several authorities 
as approaching i6 feet per second i. about ii miles per hour. 

A thmough analysis of this great flood would reveal, it is bdieved, 
facts of conaderable- interest to the engineering profession 
tJiis flood by liif. Mahalanobis 
of the Calcutta University will be published shortly.- 
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Tho Design of tho Spiil-bridgo reviewed 

The States Bngiiieer who worked out the designs for the main and 
the spill-bridge across the river Bailariui at Jainlgarh liad based all his 
calculations on a flood disdiarge assuming 038 incli per hour run-off from 
the catchment. After having empirically fixed the sirxi of the main bridge 
as two spans of 200 feet each and allowing for a discharge of 1 15,000 cusccs 
at a velocity of lO'fiG feet per second, he allowed for the balance of the 
supposed maximum flood discharge (at only 3/S inch per hour) to bo .sjnlled 
wholly along the right bank, and calculated that 5.1,226 cusccs would be 
discharged through the spillbridge at a velocity of only 3’02 feel per 
second. In lire calculations," the reduction of the water way due to the 
piers and the effect of the afllux, do not appear to have been taken into 
consideration. 

The outstanding feature about the disposal of spill-water in the 
design was that no waterwaj' for the fairly heavy spill on the right bank 
{Plate 7) was provided for, only a 3 feet diameter sluice being allowed 
under the heavy road embankment, 34 feet high at this point on the 
State-side, approacli. In the report accompanying the original bridge 
project, it is stated : — 

“The whole of tho cnlenlati'd spill (H<ehnrgc must pass through the snill way 
on the left bank for the reason that none of it ran go through the main hriilgc, and 
nithough there is an initial spill on the right bank, there is no e-caite. the overflow 
being headed up and impounded by the main liver and therefore rise" and falN with 
it.audaaluice onl.\,thercfoiv, ha-s been inserted through the road embankment at 
this point, partly nith a view liori'after of iitlli-iiig the im|>oumIcd water to form a 
small irrigation tank and partly to drain the imiKuindeil water oil’ when reipii'iite." 

Before the design of llie bridge was takcti up, the Public Works 
Department Engineer had discussed the question of the drainage of the 
spill-water, (the sectional area of the spill water at High Plood I.cvcl was 
more than twice the area of the main channel and so as not to interfere with 
the flow he requested for providing sufficient openings on tite right bank 
also. Apparently this suggestion was not considered sufficiently impor- 
tant and was not provided for in the design which forced all the spill-water 
to be discharged through the thirty arch openings of 30 feet each founded 
on kewal soil, which were not protected with any curtain walls or aprons 
to safeguard against probable flood scours. 

There is an almost right angle bend in the river about half a mile 
upstream of the bridge site, (Plate 8) and the low bank on the opposite 
side, allows the main current of tlie flood water to spill right across the 
bank towards the spill bridge which was, therefore, bound to suffer the 
brunt of any flood attack, on account of its position. That this actually 
happened was proved by the big breaches in the nortliern approach road 
embankment on the Chaibasa side. 

The total length of the spill-bridge provided 1,015 feet out of 
which 29 piers with an average width of 4 feet 3 inches accounted for 123 
feet i.e., more tlian 10 per cent of the waterway. 

Elliptical arches (dresspd sandstone masonrj’ in lime mortar) were 
probably preferred to segmental arches with the idca.o^ T'uimizing 
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horizontal tlirusts and also on architectural considerations and it was, 
apparently for this reason that abutment-piers had been omitted from the 
design of tliis singular multiple-arched bridge. If 3 or 4 abutment-piers 
had been provided, the work of reconstruction would have been very much 
simplified and might have lessened considerably the chances of subsequent 
collapse of more arches. 


The pressure on the foundation of the piers worked out to about 
i'4 tons per square foot (neglecting f 3 ie effect of live loads) which was 
about 2I times tlie allowable pressure of *55 tons for black cotton (Kewal) 
soil. In discussing this bridge it has to be remembered, of course, that 
tlie nearest raiUicad when the bridge was constructed, was at Chakradhar- 
pur 52 miles away, and at the time of the reconstruction (11 years later) 
the nearest railhead and post and telegraph office was at Kendposi, 17 
miles away and, doubtless, this led to inevitable delays and difficulties 
in the supply of materials, supervision, and timely inspections. If any 
responsible officer had got timely information about the flood, he might 
have nished to the spot and allowed tlie flood-water an easier outlet by 
cutting the road embankment in advance before tlie flood forced its way 
through it. 


History of the Reconstruction 

Immediately after the flood, the Executive Engineer in his com 
prehensive report, dated August, 6, 1927, on the damages caused to 
the spill-bridge, emphatically expressed the opinion that the expenses of 
rebuilding the arclics after dismantling the damaged ones, carrjdng the 
foundation of the piers to rock, and providing curtain walls, and stone- 
pitched flooring, would be unjustifiable as tliere was no guarantee that 
the bridge would stand another flood of the same intensity. He advocated 
tlie adoption of a low-level road to directly connect the main bridge 
with the road to Chaibasa, abandoning tlie spill- bridge, and its high 
approach embankment altogether. A week later, the Superintending 
Engineer, after his personal inspection held that an expensive work 
costing over a lac of rupees (Rs. 1,34,266) could not be tlius discarded 
and tiiat further subsequent damages could be guarded against by 
inserting a row of steel sheet piles driven down to rock level on both sides 
of the cut waters, scoured portions being filled with heavy boulders and he 
gave orders for taking a new set of borings pending final decision by the 
Chief Engineer. Meanwhile the Executive Engineer collected all 
the necessary data concerning this flood and he calculated the total 
discharge by Kutter’s formula as 9,32,147 cusecs, of which 4,85,341 
cusecs passed through the spill-bridge, the velocities in the 
main stream and the spill-way being calculated as 17 ’2 feet per second 
and 8-83 feet per second and the afflux as 6 inches, (the Sub- 
Divisional Officer had reported this to be 2 feet) ; and he si^ificantly 
added that these were theoretical figures and would differ consider- 
ably from figures obtained by actual observations during tlie flood. 
It may be pointed out here that these figures exceeded very consider- 
ably those on which the original design had been based. The result 
of tlie three, new borings also revealed the' presence of brown, and 
black cot*^~ ■'’oil,' and very small stone pebbles and .'sand at a depth 
of 35 feet' Cwa'..' plate 6D). 

-v^v. ■ 
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Four months later the Chief Engineer, after an inspection, 
decided on December 12, 1927 that the cracked arches (Nos. I2, J3, 

14 and 15) should be rebuilt after supporting four arches (two on each 
side of the cracked ones) on timber centerings to take up the unbialanccd 
tlirust of the undamaged arches. .He expressed the opinion tliat more 
waterway for the spill was required and that a causeway whicli would 
flow about 3 feet deep niaximuni should be introduced at the nortirent end 
of tlie approach to the bridge. He also ordered for laying 18 inches of 
boulder packing on the floor and for putting in curtain walls not less than 

15 feet deep both upstream and downstream. He expressed the opinion 
that the maximum velocity through the arches must have been in the 
vicinity of 12 to 13 feet per second and the afllux to be about 18 inches. 
(Eater on, the Executive Engineer after observing floodmarks, considered 
tlie afflux to be about i'5 feet which itself would theoretically account for 
a velocity of about 10 feet per second on the floor of the spill-bridge). 
The Chief Engineer also decided that the piers of the damaged ardics 
should be rebuilt, taking down the foundation to 15 feet depth. 

In the meantime, the Engineer w'ho had designed and constructed , 
the bridge also came on inspection and expressed his opinion that the six 
masonry arches (Nos. ii to 16) should be totally dismantled including the 
pier supports, and piers nos. 10 and 16 should be converted into abutments 
with foundations carried down sufficiently deep so as to be out of danger, 
and a clear girder span (about 175 feet long) introduced. He contended that 
rebuilding the arclies would leave Uie bridge exposed to a future repetition 
of the disaster. As an additional safeguard, he suggested grading down 
tlie Chaibasa approach sufficiently, so that in the event of another 
catastrophic flood, tlie water would overtop the bank and carrj* it away. 
He also remarked that if the approach embankment had been cut when 
the flood rose, this simple precaution would have prevented the damage 
done to the bridge. The Political Agent, in fonvarding the .above sugges- 
tions, expressed his entire agreement with the views stated, and stressed 
the point tliat the State should have been consulted in the matter of 
reconstruction of tlie bridge and urged that the danger should be removed 
once for all by the adoption of the new single-span girder proposal, as the 
road was too important to admit of tinkering with a vital bridge. He 
also added that tlie State should not be called upon to pay anj' part of 
the cost and tliat the whole cost of the reconstruction should be borne by 
the Government. 

The Chief Engineer approved of the idea of a breaching section 
in the bridge approa^, but he decided on rcconstnicting the arches, and 
restoring the spill-bridge. After personal discussions between the Super- 
intending Engineer and the Chief. Engineer, who was not in fjivour of 
sandfilling as the correct method of supporting the ardies. which was 
advocated by the Executive Engineer, a compromise was readied on 
February 9, 1928, and for additional safet)’ it was decided to provide 
buttresses against piers Nos. 8 and i8 and to fill up with earth tlie arches 
proposed to be dismantled. Accordingly arches Nos. 10 and 17 were 
filled up with sand enclosed between two retaining walls at the two ends 
of the arch barrel (on February 15, 1928) and as cracks in the arches, 
especially in No. 12, were obsen'cd widening to an alarming c.xtcnt, 
ardies Nos. ir and 16 were quickly supported on the previously prepared 
timber centerings, jacked up from bdow. Work on the upstream and 
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down-stream curtain wall foundations to an average depth of 5 feet below 
the foundation level of the arch piers and 10 feet away from it, proceeded 
simultaneously and tlie excavations revealed the thoroughly rotten 
nature of the Kewal soil which was wholly unsuitable for bearing such a 
heavy structure. 

Although tlie ‘trenches had been dug so deep near the pier founda- 
tions (April 8, 1928), the rubble stones for the curtain wall had not 
arrived at site and an unexijected fall of heavy' rains whidi resulted in 
the sides of the trenches to start falling in, revealed at once the real 
danger affecting the safety' of the entire spillbridge. By vigorous efforts, 
however, the curtain walls were partially completed (at places the 
excavated trenches had to be filled up again), the walls being brought up to 
about a foot above the level of the pier foundations. 

Simultaneously, work on filling tlie arclies Nos. 12 to 15 complete- 
ly witli earth, prior to dismantlement, had been proceeded with and (by- 
April 27, 1928) the arches Nos. 14, 13 and 12 were dismantled by tlie 
contractor (leaving 5 feet on either side of the piers). Two days later, 
cracks began to develop quickly in arches Nos. lO and 11. The timber 
centerings held up the arch No. 11 for sometime. Gradually the vertical 
posts nearest to arch No. 12 settled; the whole framework of the centering 
became distorted and after emitting ominous warnings of cracking timber, 
the whole of arch No. it collap.sed on April 29, 1928. 

On receipt of an urgent telegram the same day’, the Superintending 
Engineer, who was about to go on leave, motored down from Ranchi 
the next morning. Upon a thorough examination of the situation he found 
that the props supporting tlie centering had sunk into the ground thus 
taking the load off the centering. The horizontal tlinist of arch No. rr on 
pier No. ii, which was no longer neutralized, because of the dismantling 
of arch No. 12, pushed tlie pier resulting in the cracking of the pier about 
4 feet from the springing horizontally and shearing of the arch between 
the cracks, which crumpled up the timber centering inspite of its stout 
construction of sufficiently heavy sections. He was convinced that such 
centerings could not provide the full support necessitated by tlie enormous 
weight of the arch ma.sonry and earthfill. He, therefore, ordered that 
arch No. 15 should not be dismantled pending final decision by his suc- 
cessor on revised methods of reconstruction. As he found arcli No. 9 
intact, he ordered as a temporary expedient, the complete filling-in of 
span No. 8 wiUi the heavy boulders, then available in large quantities at 
site, (brought for floor pitching) as be considered tliat arch No. 9 might 
crack at any moment and it would be dangerous to allow coolies to work 
under it. Before he went on leave, he suggested to his officiating Chief 
Engineer, the necessity for tlie immediate construction of buttresses in 
cement mortar against piers Nos. 8, 18 and 19, whicli had been deferred 
so long. 


The Executive Engineer after his inspection on May 2, 1928 
protested against the heavy boulder filling inside arch No. 8 as serious 
subsidence of the floor and foundation might occur, and he disagreed witli 
the decision on the question of providing buttresses as the foundations 
necessary for the buttresses dug so close to the existing pier foundations. 
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might precipitate the collapse of more arches. Again, he urged that good 
money dionld not be thrown away after bad and as there was no objection 
by the respective authorities to the holding up of traffic for a day or two 
once in about ten years when big floods occurred, he earnestly requested 
for abandoning the spillbridge and adopting his plans for a low-level 
road. Almost prophetically, he stated that even if the whole amount of 
the revised reconstruction estimate of about Rs.i,io,ooo. were spent in 
rebuilding the arches with necessary safety precautions, the Public Works 
Department would not be in a position to guarantee full security for a 
structure which he considered certain to collapse and he sent a telegram 
to his Superintending Engineer that further expenditure on the arches 
was sheer waste of money. The Superintendbg Engineer instructed 
him by telegram to relieve the pressure over spans 16, 17 and 19 by 
removing earthfilHng over the arches. Shortly afterwards ( on 15-5-28 ) 
the new Chief Engineer and Superintending Engineer jointly inspected 
the condition of the arches at site and issued orders for the immediate 
construction in cement mortar (1:3) of one buttress on Champua side of 
pier No. i and one buttress on Chaibasa side of pier No. 18, witt stone 
from the dismantled arches and piers. This urgent work was completed 
(on June 15, 1928) with the greatest care to the satisfaction of the 
engineers. All this time, slow settlement of arch No. 16 supported on 
centering continued and it suddenly collapsed. A few days later, after 
a fall of heavy rain, arch Nos. 14 and 15 collapsed and two weeks later 
ardi No. 10 (which had been filled with sand) also collapsed. (It was 
at this stage that an interesting fact was brought to light, which was 
not previously known to the engineers Concerned viz. that in the original 
construction of the spillbridge all the arches had been erected on solid 
centerings, after four arches constructed on timber centerings bad failed 
on account of the unequal settlement of the props). Thereafter, the arch 
No. 9 collapsed and the arch No. 8 behind the new buttress cracked. 
When this happened further work on this ill-fated bridge was stopped (on 
July. 24, 1928) and plans for a low-level road were taken up and 
the work wm completed without any trouble. It is perhaps necessary to 
add that this road has been admirably serving the traffic requirements of 
this District and the State without a day’s break for the last 12 years and 
the prophecy of the then Executive Engineer has now been fully subs- 
tantiated. 


Conclusion 

After having narrated the history of a bridge failure at some length 
the wnter feels tempted to thoroughly analyse and test the links in the 
chain of events that led to it, but is instinctively warned not to theorize 
too much on “wh^at-might-have-beens”. While inviting discussions, which 
IS the mam object of the writer, on the variety of problems, both 
administrative and engmeering, raised in this paper he would beg leave 
to offer suggestion on two vital points which are:— ^ 

(1) that the dpign and construction of costly structures must be 
left severely alone to recognised .experts, who have had suffi- 

type of work, and who 
should be allowed the full^t liberty and responsibility for 
their actions, and . • 

(2) that reinsertion, which are in most cases, very much 
more difficult than the original constructions, should only be. 
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decided upou after carefully considering the "obsolescence” 
aspect of tlie structure, even though a huge sum of money 
might have been incurred on it, and if reconstruction is de- 
cided upon after carefully thinking out the pros and cons 
of the proposed method of work and its probable effects on 
the entire structure, cliangcs in the methods should not be 
allowed except under extremely unavoidable circumstances. 

With our present-day knowledge, a submersible bridge with spill- 
ways on both tlie approaches would doubtless have been more economically 
constructed to suit the requirements of the Baitarini at the site of this 
bridge; but even so, our conflicting ideas about phenomenal flood dis- 
charges and flood velocities, intensities, the duration and the frequency of 
intense rainfalls and the run-offs from different shapes and sizes of 
catchment, aU point to the absolute necessity for the provision of a fool- 
proof and automatic arrangement in our costly structures, (on the analogy 
of the fuseplug and safety valve in boilers and of the fuse and the auto- 
matic cut-out in an electrical installation) which would protect the main 
structure from damages by opening out a path of least resistance to the 
forces of Nature like floods, gales or eartliquake vibrations The irriter 
had previously developed this idea in his article on "the Design of Hoad 
Structures in Seismic Regions," published in "Indian Roads”* and uould 
again urge all engineers to consider seriously this aspect of ensuring the 
safety of a costly structure by the sacrifice, so to say, of a purposely 
designed weak link in the chain. 

In conclusion, while digressing on the subject of design of bridges, 
it would perhaps bear repetition to add that in tliis age of specialization, 
although it may be conceded that every engineer should be able to de.cign 
his own work, whidr he probably can, and by sufficiently increasing his 
factor of safety to cover the factors of ignorance, his work may stand 
unless some important considerations have been inadvertently ignored, 
it cannot be denied that it would be safer and more economical to entrust 
such work to the specialist engineer, who has trained himself to see a 
mistake instinctively which an average engineer with laborious calculations 
would surely miss When the specialist, as a result of his experience 
and mastery over facts and figures can produce at once a suitable and 
more economic design than others, we would be well-advised to cntiusi 
our major bridge problems to specialists in the line, who should be 
furnished with the necessary data. The want of a representative body of 
specially trained engineers, skilled in the art of bridge design who could 
work in a consultative capacity, is keenly felt and it is hoped that the 
Indian Roads Congress will give a lead in the right direction. 

As the writer has purposely refrained from discussing in details 
the controversial aspect of the design and methods of jeconstrucUon, 
critically examined in the light of present-day theories and experimental 
investigations particularly of the uew applied Science of Soil lileclianics, 
not yet generally known or fully understood, he feels that he would be 
justified in appending a bibliography for the benefit of those readers who 
would like to go deeper into the problems at issue and put fonvard their 
own viewpoints. - „ • 

- \ "N *. 
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- CORRESPONDENCE. 

Comments by Mr. P. V. Chance (Central Provinces and Berar). 

Mr. Ghose’s paper raises questions of great interest to engineers. 

■ The Baitarini bridge is on a main road and its cost was shared 
between the Provincial Government and Keonjhar State, both of whom 
considered the expenditure justified. Even after the bridge was damaged 
in the flood of 1927, the Political Agent pressed for its thorough 
reconstruction as a vital link on a very important road. 

Mr. Ghose states that the bridge should not have been constructed 
at all as it was not warranted by traffic requirements but surely traffic is 
not the only consideration. The suitability of the site, the estimated 
cost of the bridge, and the traffic to be carried, are obviously important 
factors but they are not the onlj’ ones and the eventual decision is seldom 
based on purely engineering consideratioas. 

Mr. Ghose recommends that, ndien a bridge is damaged, its 
"obsolescence aspect" should be considered before it is repaired. But the 
obsolescence aspect again is a wide- oue and the engineer is primarily 
concerned only with the most effective repairs and their cost, leaving the 
larger question of whether the expenditure is desirable to the authorities 
who will finance it. . 

The design was based on the assumption, now' known to be wrong, 
that the spill bridge would be founded on rock. If the State Engineer’s 
report had been correct, this bridge would safely have passed through 
the phenomenal flood of 1927. Even as constructed, the bridge had 
passed through the "devastating” flood of 1920 without injury, and the 
damage in 1927 was, .perhaps, less than one thirtieth of the cost of the 
bridge. I confess, I would have been surprised had tlie Chief Engineer 
acquiesced on the proposal to abandon the whole w’ork without making 
any attempt to repair the small amount of damage and to protect the 
bridge from further injury. 

The Executive Engineer "collected all the necessary data concerning 
this flood." He calculated the total discharge as 9,32,147 cusecs and he 
added that the figure was theoretical and would differ considerably from 
actual observations during flood. I presume this means that he found it 
impossible to reconcile his calculations with his data and I am not 
surprised. A flood of 9,32,147 cusecs from a catchment area of 700 square 

miles corresponds to about 6,800 and could hardly be correct even for 
a "River of Hell." 

In addition, the Executive Engineer calculated that 4,85,341 cusecs 
passed through the spill bridge with a velocity of 8.82 feet per second. 
Now' the effective width of the spill bridge is 892 feet dud the depth of 
water, even allowing for a uniform scour of 7 feet throughout the whole 
length, was not more than i5 feet, so that if 4,85,341 cusecs had passed, 
the average velocity would be 36 feet per second. The opinion, that the 
calculated'discharges .would differ considerably from the actual observa- 
tions, was, therefor^ amply Justified and indeed nobody seems to have 
taken, the calculations very seriously even at the time they were made. 
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The repairs attempted and their failure are the most interesting 
technical feature of Mr. Ghose's paper but unfortunately the details given 
are insufficient. Every engineer, who reads the paper, will ask himself 
"What should have been done? What precautions should be taken and 
what mistakes should be avoided ? " 

Arches 12 to 15 had cracked and were to be dismantled and the 
Chief Engineer ordered that arches 10, ii. 16 and 17 should be supported 
on wooden centerings to take up tlie unbalanced thrust and that 
buttresses should be constructed against piers 8 to 18, Unfortunately, 
these orders were changed and, though the Chief Engineer was not in 
favour of sand-filling as a support for the arches, yet such filling was 
provided in arches 10 and 17 and only arches ii and 16 were supported 
on timber centering and the construction of the buttresses was deferred. 
There can, I think, be few engineers who will not agree with the Chief 
Engineer as to the value of sand-filling as a support for such arches. 

No adequate particulars of the centering and especially of the 
footings have been given. The centering held up arch ii for some time 
but the posts near arch 12 settled and the props supporting them sank 
in the ground. The posts were jacked up but the timbers on which the 
jacks rested must have had insufficient bearing and it is to this detail 
that the whole failure of the repairs appears to be due. If the wooden 
centerings had really taken the whole weight of the arches and if they 
had been used, as originally ordered, in arches lo and 17 and if the 
buttresses had been constructed at once, the repairs would very probably 
have been successful. It would be of great interest if Mr, Ghose could 
supply full details of the centerings and how they were jacked up to take 
the weight of the arches. 


As I have said, the particulars given are inadequate but the general 
orders of the Chief Engineer appear to have been suitable if onl}' they had 
been properly carried out. The tie-ing together of piers 10 and ii, and 
15 and 16 would have been an additional precaution. Sand-filling, earth- 
filling and boulder-filling would be almost useless for relieving the thrust 
on the piers but would be a safeguard for the workmen. The filling with 
sand of arch« 10 and 17, which the Chief Engineer had ordered to be 
supported with timber centerings, was unfortunate. The effectiveness 
of the buttresses could have been improved by increasing the bearing 
area of the foundations and sloping them so as to throw the weight 
against the piers. I am not sure why an upstream curtain wall was 
proposed and I doubt if it would ordinarily be necessary. Otherwise, 
there appears to be little room for criticism of the orders but much 
depends on how they were carried out. 

There are a few discrepancies in the paper but they are not 
important. Arch 14 is stated to have been dismantled and subsequently 
to, have collapsed; and a buttress was not, I presume, constructed against 
pier No. I. ° 


Mr. Ghose is to be congratulated on a very interesting paper. Fapen 
on failure are always welcome, perhaps this is partly due to the ease' witl 
which one can be wise after the event. ' • 
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Comments by Mr. K. Gupta (Singhbhnm, Bihar). 

As I have had the opportunity of closely examining the remains 
of the erstwhile Baitarini spill bridge, which lies within Singhbhnm 
District, I am in a position to corroborate the statement made by 
Mr. Ghose that the spill bridge ".should not have been constructed 
at all,” as the present low-level road alongside the derelict bridge has 
been functioning all right without any traffic hold-ups since 1927. 

Mr, Ghose's Paper raises the vexed question of correctly estimating 
probable maximum flood discharges of Indian rivers, and it is well- 
known that no serious attempt has yet been made to collect and 
scientifically analyse the results of observed data on the major rivers 
of India. Statistics of maximum intensities of rainfall in different areas 
in India are also not readily available and the Indian Roads Congress, 
as a central authoritative body should be able to conduct valuable 
research on the above lines.* 


In this Paper, the author has strongly advocated the necessity 
for tlie purposeful provision of a "safety valve" arrangement in struc- 
tures of considerable magnitude, and the idea is certainly worth further 
investigations, to evolve practical methods for providing for a "designed 
weak link in the chain," as this will prevent the numerous wash-outs 
of bridges that are reported during the flood season every year. In 
the Singhbhum District, on our District Board roads mostly causeways 
are provided, and they serve quite well except during torrential floods, 
which usually subside within 3 to 4 hours. In opening up new lines 
of communications, causeways should naturally mark the first stage of 
development. But the spill bridge at Baitarini w-as really a high-level 
bridge of unusual design not warranted by the topography of the site. 


It would have been interesting if Mr. Ghose had furnished the 
details of the bridge in the standardised form recommended by the 
Indian Roads Congress for recording particulars of major bridges, Mr. 
Ghose deserves to be congratulated as a painstaking historian for delving 
into the old records and obtaining all the details of the bridge failure 
thirteen years after the occurrence. The lucid presentation of the facts 
of the case, after such a long period, reflects great credit on the author, 
and we are thankful to him for his exhibition of the "skeleton in the 
cup-board” without prejudice to any one. 


Comments by Mr. A. B. Majumdar (Chaibasa, Bihar). 

i._ ■ The author must be acclaimed as a pioneer in choosing a subject 
for which though the council expressed the opinion " that there is often 
great deal more to be learnt from failures than from successes " the contri- 
butors of articles have not till our present author, brought to light any 
paper on such a subject. 

/The suggestion to devise a suitabie formula for calculating peak discharges 
or rivers has been engaging the attention of the Indian Roads Congress for some 
time past. Through the courtesy of the Department of Communications, Govern- 
ment of India, a note on the subject compiled from the information available 
in the Bureau of Information of the Central Board of Irrigation was obtained and 
considered by ' the Technical Sub-committee of the Congress, The Committco coiy 
mdoted it impossible to devise a common formula, ns many variables are involved. 
Typed copies of the- useful note are now in the Congress Library for reference 
by members. • ' ' 
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2. It must be admitted that the author has very ably got down the. 
facts in details and cleverly refrained from making any suggestions about 
the' -controveisial aspect of the designing and methods of reconstruction. 
I- hop'e 'many useful suggestions will be made in the course of discussion of 
this thought-provoking paiJer and we, the younger members of the Congress, 
will- 'be’ niuch benefitied by the facts and suggestions made by the older 
members' from* their much valued experience. 

3. i will, however, remark that in giving assurance (Page 4, para 2 
in italics) the States Engineer never said nor meant that the spill bridge 
foundations are on rock. He meant the Northern abutment of the girder 
Bridge.- I think borings in this part were not at all taken or the 
designers were mis-informed and, above all, none of the then Engineers 
and-even the Chief Engineer, Public Works Department did believe that 
the' spill will ever operate which idea permitted carelessness. 

4. Providing of openings on the right bank would not have much 
helped discharge of spill water. From the map on plate S of the paper 
it appears that main flood water will surely go straight across the left bank. 
Instead of giving any opening in the right bank, a low level causeway at 
the Chaibasa approacli of the spill bridge, to act as a safety valve to the 
main bridge, with adequate stone pitching and provision of curtain walls 
to safeguard from scour, seems to me a much better suggestion. 

5'. The records of the flood of 1927, which the author took so luucli 
pains to jot down in this Paper, will evidently be of much help to the 
future designers of bridges in the vicinity. 

Reply of Mr. S. K. Ghose (Author), to the above comments. 

It is unfortunate that the paper could not be discussed at an open 
session of the Congress, so that the various points involved in the 
reconstruction of the ill-fated spill bridge could be further analysed and 
compared with similar structures built elsewhere by members from other 
parts of India. The paper, circulated b3’ post has evoked verj* little 
response in the form of written comments, altliough the writer had 
intended that the design of spill bridges across rivers draining small hilly 
catchments should be more fully discussed by the members themselves. 

Repljdng to Mr. Chance's kind comments, it may be stated tliat only 
the failure of the spill bridge had been dealt with in the paper. The main 
steel N-girder bridge (2 spans of 200 feet) was certainlj'' needed for traflic 
requirements, 'fliis was not damaged in any wa)’’ by the flood of 1927, 
and is still functiouing. ^ The main bridge and the spill bridge were 
constructed -at the same time, and whereas the main-bridge cost about 
I J lakhs, the spilI-bridge (jo spans of 30 feet) cost another i-^ lakhs of 
rupees, and in the opinion ot ihe writer this spill-bridge need not have 
been constructed at all. Motor traflic between Keonjhar and British 
India has not been stopped for a single day after the failure of the Spill 
Bridge It will be interesting to note that this j*ear (1941) also, there 
was a heavy flood, (about 8 feet below the 1927 high flood level) but 
traffic was maintained uninterrupted along the low-level road joining tlie 
main bridge with the embanked road beyond the derelict spill bridge. 
The characteristic of the Baitarini is tliat it rises. very rapidly and 
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also subsides with equal rapidity. It may, however, be added that even 
now the intensity of traffic on this bridge is rarely more than 2 carts and 
a truck per hour, which proves that traffic has not yet fully developed 
in the Keonjhar State (which incidentally, possesses just over a hundred 
motor vehicles viz : 50 cars, 10 buses, 40 lorries, and 6 motorcycles). It 
would be difficult to justify an expenditure of roughly lakhs over the 
reconstruction of the old spill-bridge which had originally cost the same 
amount, particularly when it was not possible to guarantee the safety of 
the structure against another severe flood in view of the inherent defects 
in the design of the foundations. 


Regarding the discharge calculations, in connection with the design 
of the main and spill bridge (prepared in 1914), the following data from 
the original records may prove to be interesting. 


r,ocality. 

High 

Flood 

level. 

Cross Sectional 
Area in 
square feet. 

Wetted peri- 
meter in 
feet. 

Hydraulic 

mean 

Depth. 

At Bridge site. 

84.44 

51.289 

5.294 

96 

1 mile up-stream. 

89.51 

85.390 

5.150 

16.6 

2 miles up-stream. 

93*41 

! 

77,406 

5,826 

13-3 


Mean Hydraulic Mean Depth. =13.16 


Slope of suTface •=^•97 feet in 2 miles or S—. 00083 

From Kutter's formula V=C%/ RS 

=67.6 X v'is.ib *X ”00085 
=7,15 feet per second. 

Now the designer has taken the mean of the three sectional areas 
and multiplied it by the above velocity and arrived at 

0=71,362x7-15 

• =5,10,237 cusecs. (I) 

According to Dickens' Formula 

D = cm” =1000 X 703* = 1,36,5-26 cusecs. (II) 

Disdiarge on the basis of a 3/8" run-off 

= 3 / 8 x ^ x^^X703=i, 70.I26 cusecs. (HI) 

'fhe designer has discarded the discharge figure arrived at from the 
Kutter’s formula as absurd; and accepted the discharge figure on the 
basis of a 3/8" run-off. Then he calculated the discharge through the 
main bridge channel as r,i5,900 cusecs (10,872 square feet multiphed by 
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10.7 feet-velocity calculated by Kutter's formula). Deducting this from 
1,70,126 cusecs, he arrived at the balance of 54,226 cusecs as the spill 
discWge. Dividing this by the spill area of 17,909 square feet he 
deduced the velocity in the spill channel as 3.02 feet only. 

It will be noticed that the designer has, possibly due to inaccurate 
data and observations of the Baitarini, calculated the discharges and 
the velocities as even less tlian those obtained in ordinary floods in 
this river. After the failure of the spill bridge in 1927. the Executive 
Engineer, worked out tlie total discliargc by Kutter’s formula as 
9,32,147 cusecs out of which he apportioned 4,85,341 cusecs as passing 
through tlie spill bridge, the velocities in the main stream and spill- 
way being worked out by him as 17.2 feet and 8.8 feet respectively. 
Evidently Kntter's formula has been used without much importance 
being given to the coefficient of rugosity, and the calculated figures arc 
not borne out by later flood observations. The problem of calculating 
spill discharges requires further investigations by engineers in India.* 

From a comparison of the above results, and also bearing in mind 
the record fall of rain of 22.24 inches in 13 hours on the 30th July, 1927 at 
Champua near the bridge site ^which gives an average intensity of about 

1.7 inches per hour), it will not be difficult to realize how grossly the dis- 
charge and velocity factors had been under-estimated in the original design. 

On the question of centerings, the enquiries made by the writer from 
the contractor’s agent and the overseer on the job, revealed the fact that 
the centering timbers were not adequately or rigidly counterbraced, and 
- the concentrated pressure of the lifting jacks contributed to the unequal 
settlement of the yielding Keu>al soil. It appears that no proper sole 
plates had been provided under the jacks for distributing the pressure from 
the props. 

One point about the paper may perhaps be emphasized here, vk. 
that all the facts and figures contained therein, were collected thirteen 
years after the event, mostly from old records, and from investigations 
at site, and from persons who were directly connected with the work If 
some inaccuracies have crept in the paper, the writer will be too glad to 
stand corrected. 


The author is grateful for the helpful comments made by Mr. Gupta 
and would urge the Congress to insHtute further researches on tlie maxi- 
mum flood discharges of Indian rivers.* Since tiie work of IJlle, Hearn 
Glass and Granville, not much systematic work appears to have been done 
and the importance of Flood-Hydrographs is still not fully realized by some 
engineers. 


While agreeing generally with his remarks about the usefulness of 
causeways as the first stage in the dcirelopment of a road system, the 
writer w;puld point out the clasrical case of the causeway over the 
laarkhai, on the impoilanl road between Ranchi and Jamshedpur, which 
effectively slopped all traflic coatiauously for five days during tlm present 
8 feet of water passed over the road level. A 
high .evel bridge TOuld not have cost very much more, and traffic would 

not have oeen stopped after every heavy continuous shower in the catch- 

mc-nt. 1,01/ level c.uiseways are so many positive obstructio ns on 
■' ride footnote on p.agc 14c. — — ^ 
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important lines of communications, and the traffic hold-up on the Lilajan 
causeway and Sone causeway on the Grand Trunk Road would not be 
tolerated in other countries even under peacetime conditions. 

The writer believes that if only engineers would take the trouble 
to analyse the defects in the design and construction of all existing bridges 
with the critical eyes of a research worker, more useful work would be 
done than could be achieved by a soul-less tabular statement on bridges 
in different parts of India. However, the compilation of a comprehensive 
statement on bridges in India is considered to be a step in the right 
direction, and all should help. 

A quotation from the records will perhaps serve to clear the doubt 
of Mr. Majumdar about the designer’s idea regarding the spill bridge 
foundations. When submitting the estimate for the project he gave an 
assurance that "rock was underlying the surface of the ground at no great 
distance and that the pier foundations for the spillway would be carried 
down to rock.” He reported in 19x4 that borings to prove this were being 
taken but the results of these borings were never submitted to Government. 
Mr. Majumdar is right when he thinks that the States Bnginefr took it 
for granted that the pier foundations would be founded on rock, although 
in the actual execution of the work, this was not attended to. In Bridge 
Engineering, no data should be taken for granted, and it is a safe maxim 
for all bridge engineers to spend some money on borings so as to ensure 
that the bridge would be built on sure foundations, instead of trying to 
salvage a jerry-built one, when Nature has dealt it a knock-out blow, 
after finding out its weak spots sooner than we imagine. 

The writer does not agree with the remark of Mr. Majumdar that 
the provision of additional waterway on the right bank would not have 
helped the discharge of the flood water. An examination of the cross- 
sections and a little calculation about the discharge figures would prove 
that the waterway provided was totally inadequate to cope with a 
phraomenal flood of the unbelievable magnitude experienced in 1927. 
It is for this reason that the writer will continue to advocate the appli- 
cation of the principle of "safety valve” construction in all our costly 
structures, which should be designed to last only for a reasonable life of 
usefulness, in view of the rapid changes in design and construction 
methods being evolved to fit in with the New Order in the field of 
Engineering as in other walks of Life. 
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TRANSITION CURVES FOR ROADS 
Bv 

W. R. Fleury, I.S.E.. 

Executive Engineer, Orissa. 


Foreword 

Before proceeding with this paper, tlie author wislies to acknow- 
ledge witli very many thanks the encouragement and lielp given by Jlr. 
W. McBauchin, A.M.I.C.E., late of Gammons I,ld., Bombay. His 
assistance in simplifying and co-ordinating the various formulae into a 
form suitable for reconstructing into graphs was invaluable. 

The author also acknowledges with many thanks the valuable 
as.«islancc given by Sri R. N. Padhi, Student Engineer under him (the 
author), who performed most of the troublesome and tedious task of 
calculating and plotting values for the various Graphs. Without his 
help, this paper could never have been written. 

Introduction 

Tliis paper docs not lay any claim to the discovery of any new 
principles. But it does attempt to simplify and reduce to assimilable 
form the latest principles for the design of transition curves on the basis 
of a rational mathematical anal}'sis which have been accepted and enforced 
in England, America and Australia. These liavc been emnnerated at 
great length in Professor F. G. Roj'al Daw.son'5 two books on the subject, 
“Curve Design" and “Road Curves." 

These books, however, and also other existing specifications on the 
subject, appear to have been written for engineers with a fairly advaneed 
knowledge of mathematics fresh in their minds, or for men who specialise 
only on roads. The average assistant engineer or even executive engineer 
in India who has a varied a.ssortment of acconnls. correspondence, canal, 
and building work to cope with, in addition to his road work, would seldom 
have the time or inclination to study these principles, or if ho did, would 
find it almost impossible to explain their working, as given in the accepted 
books, to the average overseer, without wliosc assistance in the field, 
no appreciable number of transition curves could be laid out. It was tliis 
problem of evolving an easy practical method of laying out transitions 
which the average overseer could grasp, which the author has 
attempted to solve in this paper. 

The method adopted has been to reduce the numerous and compli- 
cated formulae on the subject to a few easily read graphs, thus leaving the 
overseer or engineer witli practically nothing to calculate and very little 
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room to make mistakes. As a check on his work, he would have to use 
onl}' the simple formula (No. 13) for apex distance, involving only the 
use of ordinary secant tables. 


The method of laying out transition curves advocated by Professor 
Royal Dawson and other authorities, involves, in all cases, besides the 
use of complicated tables and formulae, the use of a theodolite. This is 
essential because, by the use of deflection angles, tlie preliminary calcu- 
lations for the curves are slightly simplified, provided the formulae and 
metliods are properly grasped. As the average Public Works Depart- 
ment Sub-division in India has onh’ about one theodolite for the use of 
three or four road overseers, this alone precludes their methods from the 
sphere of common place engineering. These methods have, tlierefore, 
not been considered at all in this paper. Instead of this, the very mucli 
more complicated formulae required by the offset method of laying out 
spiral transition curves, which Professor Royal Dawson abandons because 
thej’ are so cumbersome, have been graphed and are thus made perfectly 
simple. 

By using these graphs, the onlj’ instruments required in the field, 
after measuring the deflection angle between the two ta«tgcnt.s with a 
sextant or prismatic compass, are a cliain and tape. 


Generai, 

Transition cun^es of more or less arbitrary design have been in 
use for a long time in the layout of Railway tracks, but it is only in 
recent years that tlieir use has been extended to roads, or that the 
principles of their design have been analysed from a rational and mathe- 
matical standpoint. A transition curve in a road is, brieflj’, a cun'e so 
shaped as to follow the natural p.ath of a fast moving vehicle as it leaves 
the straight and commences to move in a segment of a circle. With the 
old horse-drawn vehicle, the speed was so slow that it could switch off 
almost directly from tlic straight line to the curve,— often of small radius. 
With modem fast motor traffic, with speeds increasing every day and 
often higher than on railways, this is impossible. A gradual change in 
direction,— how gradual is determined by the skill and .speed at which the 
motorist is able to turn his steering wheel with safety,— is inevitable. As 
most of the old existing roads whidi were originally constructed for horse 
drawn traffic, have not been designed forthis gradual change in direction from 
the straight tangent line to the circular arc of given radius, it follows that 
fast traffic must deviate from the centre line of their own traffic lane to 
make their own transition. Hxamples of such manouvering are explained 
in detail further on. The only alternative whidi would allow a driver to 
tiira almost directly from the straight to the cun'e would be to slow 
down to a speed considerably below the natural safe speed for that curve. 
Very few, if any, drivers do this. Consequently no road laid out as a 
circular arc can be described as a -good fit" for tlie traffic using it. It is 
obvious mat such deviations of vehicles from tlieir own traffic lane in 
order to lake a TOmer are dangerous, and become more dangerous every 
day as me number of fast motor vehides on roads increases. It has been 
proved in practice, by subsequently transitioning a bad corner where 
accidents were of habitual occurrence, that the number of accidents was 

S properly transitioned. 

With the number and speed of fast motor traffic increasing rapidly, it is 
the duty of every engineer, by correct design, to attempt to lessen the 
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proportion of accidents on liis roads. This general introduction to the 
subject of transition curves may appear tumecessarily long, but it is 
inserted in the hope that it may make at least those engineers more 
"Iraiisition minded'’ who, while admitting the principle iu theory, are 
content to assume that, w-ith the exception perliaps of extreme cases, 
tliere is ample margin iu the width of the ordinary road to cover tlie 
discrepancy between the road alignment and the actual track of the 
vehicle, so that they see no need for improvement. 

It is also hoped that the verj* simplified mctliods detailed below 
will make others "transition minded" who have been, as I was, frightened 
off tlic correct method of dealing witli the problem by the complicated 
formulae and mctliods advocated in recent engineering periodicals and 
text books on the subject. It requires only half an hour’s study of the 
graphs and summary of procedure attached to enable any overseer to 
understand the metliod of working out tlic required data, and once this 
is done, it becomes as easy to lay out a transition curve as a circular arc. 


(lENKitAi. i*ui.xcn*i.i:s 


When an object such as a motor car is constrained to move iu a 
curve, it has an acceleration towards the centre of /- ^ 


To impart an acceleration to any body force must be used. The 

amount of the force — — where P is the force 

B 

H' •— the mass of tlic body in pounds, 

/ = acceleration in feet per second. 


In the case of a car moving round a 


pulling it towards the centre is, therefore P— 


Wv- 

gli 


curve, 


the force 


TJiis force i.s, in practice, supplied by means of the front steering 
wheels of the car through the medium of friction and the propelling force 
of the engine. The steering wheels of the car divert the propelling force 
of the engine from a forward direction to a sideways direction, i.e., towards 
the centre of the curve by mcaus of the grip the car wheels have 
on the road. 


If the car wheels have not sufllcienl grip on Uie road this force 

will not be strong enough to cause the required to pull it round in a 

curve and the car will 'skid' or shoot off in a straight line tangential to 
the curve at the point where the skid occurs. 


As this grip ou the road or force is caused by the friction, it 
follows that tlic friction bclwocn tlic car wheels and the road must be 
equal to or more than the centrifugal force. 


'fhe force of friction between any two objects is given by the 
formula > Fr,B W 



Paper C — 40 


where B is tlie coefficient of friction between the two objects and IK = the 
weight of the object resolved at right angles to the plane of contact. 

The coefficient of friction between rubber tyred vehicles and the 
average road surface may be taken as J. 

The force of friction on a non-super-clevatcd road then becomes 


F = ilK. 


This must be equal to or more than the centrifugal force 


where 32 approximately 

and a is in feet per second. 

p: 

This resolves itself on simplification to n- < i where V is in 

i4‘97« 

miles per hour. 

Or a general simple formula taking I4'97 =15 

V^'<l5BR=X5XiR (I) 

or ’ r-< 375 ^ {i)A 

This fixes the relation between the permissible speed and the radius 
of a curve {or vice versaj on a twn-super-elevafed curve. The amount of 
friction called into use automatical!}’ adjusts itself to the speed, becoming 
greater as the force becomes greater, till the velocity, V, reaches the 
limit when the centrifugal force exceeds friction and a skid results. 

Super-elevation is usually provided on a curve to introduce a 
factor of safety against sliding or skidding. It could, theoretically, be 
provided to eliminate the necessity of friction entirely but as the centri- 
fugal force for a fixed radius depends on the velocity, it would be- 
necessary for all vehicles then to move round the curve at the speed for 
which that curve was designed. Owing to the different types of traffic 
varying from bullock carts to fast moving cars, this would obviousl}' 
be impossible. 

It can be shown that the theoretical super-elevation of a road 
which would be essential if there ivere no friction 

/ given by tire formula tan where 

is in miles per hour and a (see figure i) is 
angle of eross-fall of the road with the 
1 y p horizontal. 

J“' As this is not practicable in design, it is 

r proposed to go into the derivation of this 

* formula. 

Pig. 1 

A theoretically correct super-elevation can 
therefore, seldom be given. The most tliat 
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can be attempted is to provide a sliglit super-elevation based on 
practical consideration which will tend to reduce the amount of 
friction brought into play, and thus provide a factor of safety against 
tlic limiting speeds calculated from the friction formula (i) above. 

The super-elevation allowed m the current Circle specifications in 
Orissa is quite suitable from a practical point of view and n, reproduced 
below. 


om‘>SA ('U!cu: taiii-i: ron i.va’uon 


Radius 

in 

feet. 


Super-eleva- 
tion to be 
adopted 
(percentage 
of nidtli)-= 
100 t. 


Cross 

Slope. 


I 


I 


I 


Increase 
in width for 
road width 
of 9 I 
feet « tp. 


Remarks. 


' This works out theo- 
retically correct for 
speeds given below , 
assuming no friction 
1 77 ns IS nof (0 be taken 
into account jot 


30 

i6'6 

1:6 

4'5 

h 65 m p li 

50 

12-5 

1:8 

4*5 

97 

100 

I2’5 

' 

1:8 

4-5 

!{<) 

150 

ro’4 

1:9-6 

4-3 

I.') 3 

200 

10-4 

i :9-6 

•I'l 

177 

300 

9'4 

i:il-6 

37 

20-3 

<100 

9'4 

1 : 11-6 

3’3 

-’37 

500 

8-4 

1:12 

2-9 

25-1 

600 

8*4 

i;i2 

2’5 

37-4 


C‘2 

i;i6 

17 

25-8 

800 

6*2 

1:16 

17 

27'3 

900 

4*2 

1:24 

i’3 

237 

1000 

4-2 

1:24 

0’9 

25 
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]Mosl countries, however, allow a more or less fixed super-elevation 
of 10 per cent for curves of all radii. This is shown in the table on page 32 
of tlie "Summary of Procedure" attaclied to this paper. The maximum 
figure of from 10 per cent to i6*6 per cent is arrived at from a consideration 
of maximum cross slope which can be allowed in a road so that the hooves 
of animals pulling slow vehicles will not slip. 


'I'UAXSmOX CUUYKS 


When a car is moving along tlie straight, it has no acceleration 
towards the centre or sidewaj's (since there is no centre). When it comes 

I'- 

on to a curve it has an acceleration of towards the centre {V being 
in miles per hour). 


This acceleration produces a considerable force which is transferred 
by means of friction through the wheels of a car and through tlie springs 
to the super-carriage. 


If tliis force is applied suddenly, /. e. if tlie car, by means of an 
exceedingly quick turn of the steering wheel, moves directly from the 
straight path on to the curve, it can be proved by dynamics that momen- 
tarily a force equal to double this force acts on the car. 


In the case of aeroplanes whidi "bank” or turn at a very mucli 
higher speed, often reaching 400 mites per hour, this force has a more 
especial significance. For at sudi a high .speed, the force, known in 
aeronautical circles as "G", becomes so large that a pilot cannot stand it 
and becomes unconscious till the turn is completed. TJie maximum 
amount of "G” which a man can stand without "blacking out" is about 8 
times tlie force of gravit)' and the radius of turning of high speed aero- 
planes has to be restricted so that tliis will not be exceeded. 


A transition curve on a road is therefore introduced 

(a) in order to minimise this force, 

(b) in order to give the driver time to turn his steering wheel 
round to adjust it to the shape of the curve, and 

(c) to avoid discomfort to passengers due to tlie fact that they 
would othenvise suddenly be shot towards the centre at a fairly consi- 
derable acceleration. 


To take the last reason first, it has been found that a diaiige of 
acceleration of between and 2 feet per second per second per second is 
un-noticeable or at least is not uncomfortable. The figure for the permis- 
sible rate of change of acceleration will be denoted by "C.” Assuming 
therefore, that it takes T seconds for a car to traverse the full length of the 
transition curve, the rate of change of acceleration from zero to / is equal 

to -|- = C. 


But /= -g- (a in feet per second) 

Rate of change of centrifugal acceleration 

V- 

~Rt 


C = 
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Now the time T taken for a vehicle to traverse a transition of 
length L is given by the equation T -- 

V 

71 

Hence C ~ - -- 

R V 

“ in setoncl) 

or reducing v to miles per hour r 

^~~"R~L ( 2 ) 


This must not he greater than the permissible rale of change of 
acceleration which will pass un-iioUcctl. 

The American practice is to take the figure for C to be 2 feet per 
second per second per second and the Knglish practice, i feet per second 
per second per second. The American practice will bo adojitcd because it 
is sufficiently safe and gives lran.sitions half the length which would be 
permissible if English practice were followed, thus allowing a greater 
latitude when dealing with .S bends which are often essential for 
economic reasons. 

The Atislralian practice (Victoria Country Roads Board) is to allow 
a figttre of 2 feet per second per second per .second for C up to 50 miles per 
hour and a figure of for 1-53^ fccond per second per sccoiul for •.peed.s 
above 30 miles per hour. 

ThU is very sound in theory, as it is obvious thni in high speeds, 
a motorist i.s not able to Inrn n.s fn.st as in low speed.s, Init it introdnee.*. 
much complication into the calculations for Iratif-ition curves, which for 
the average P. W. H. slaiT arc already complicated eiunigli. And as sjiceds 
of above 50 miles per hour are .seldom likely to occur ill practice in India 
due to tlic necessity for caution when negotiating btiilod: carls iukI 
pedestrians with an insuflicicntly developed road sense, it is jiroposed to 
keep to a fixed value of C —2 for all speeds. 

It has been observed that the maximum wlilcli skilled racing 
motorists, by a sudden turn of the steering wheel, c.an attain is a rate of 
change of acceleration of 3 feet per second per second jier .second, but 
obviously tin’s i.s too high n figure to allow for C for llic dc.sign of roails 
meant for tlie average driver. 

Tin's brings 11s to the second reason why transition ciirvc.s are 
introduced, — to give the driver time to swing his steering wlieel round from 
that reqiiired for a straight italh to that retjuired for a curve of radius R. 
It is obvious that liowcvcr quick and expert he may be, it nni.st take .sonic 
measure of time for him to .swing his wlieel round. During Hu’s lime, the 
radius at which the car is moving gradually lessens from infinity (tlie 
radius of a .straight line) to R, thclrndiiis of the ciiivc. Any moving 
vehicle MUST, therefore, follow a tmiwitioii cur\'c. A transition is a curve 
w'ith a gradually decreasing radius wJiidi is dc.Mgncd to follow the path 
which a car i.s nulottialically made to lake by a gradual turning of the 
steering wheel. 
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It may be argued that most roads upto date are not provided 
with any transitions and can yet be traversed at anything between 20 and 
50 miles per hour. The reason is that all cars make their own transitions 
by leaving the centre of their carriage way and "cutting in" or other\vise 
manouvering at curves as described below. 

Take for exainple, a quite usual curve of 290 feet radius and a 72 
degree deflection angle, and consider the behaviour of motorists who enter 
it. These may be rouglil}' divided into three groups. 



(1) Motorists who for various reasons may not be aware of the 
curve till they have entered it. The natural trend of such vehicles is shown 
as 0 ,X, in figure 2. The tendcnc3' to diverge to llie left w'ould, if not 
corrected by a sudden pulling to the right and a sharp application of 
brakes amount to about 20 feet at tlie centre of the cur\’e. This would, of 
course, be disastrous on one of our ordinarj’^ trunk roads. 

(2) Motorists who see the cur\'e in advance and endeavour to adapt 
themselves to it as closely as possible. In this case the natural transition 
begins at O, and bj' means of a slight S bend gets about 3 or 4 feet to 
the left of the centre line and then cuts into the curve at This usually 
involves a slight slackening of speed. 

(3) Motorists who notice the curve in advance and have time to 
see whether there is room on the berm to "cut the corner" and thus make 
a proper transition with the necessary amount of shift as shown in the 
line <?3 Xy In this case they would have to commence leaving the centre 
of the road about 100 feet before the actual commencement of the curve 
and would travel any distance up to 6 or 7 feet on the inner side of the 
centre line while on the curve. 

It is obvious that a road curve should be designed to obviate the 
necessity fm any of this manouvering away from the centre of the carriage 
way especially where traflSc is heavy and the motorist is likely to meet 
another vehicle manouvering in the same way from the opposite direction. 

DERIVATION OP FORMULAE ;-'To obtain the required length of a 
transition curve, combine equations (x)and (2) on pages 4 and 7 respectively 
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From (i) F* = 15 B R, 
Substitute for P in equation (a) 


P = 15"'' X X 


c = 3-155 

L = i 82‘5 


3/2 3/2 3/2 

15 X g X 


/?£ 


3/2 

B 


Substituting the values of the constants B = } and C = 2 in this 
equation 

L =• ii'SVB = length of transition (3) 

From equation (i), it is seen that the permissible velocity increases 
as R increases, and equation (3) allotvs for an increase in length of the 
transition to correspond with the increased radius and velocity. We 
would thus get very long transitions increasing up to infinity for curves 
of large radius if the safe speed were increased indefinitely. This is 
clearly quite unnecessary. A limiting speed may, therefore, be fixed for 
a particular road and any curves with a radius larger than the safe radius 
for that speed nnll be safe up to that speed. 

' Having decided on this speed, the radius for which can be calcu- 
lated from equation (i), F* s= 15 J 5 i? = 15 x i R, the lengtlis of 
transition may be calculated direct from equation (2}. 

A Graph has been drawn out accordingly for the lengths of 
transitions, assuming a maximum speed of 60 miles per hour (See 
Graph No. i.) 

In tills graph the limiring radius for a maximum speed of 60 miles 
per hour is given by substituting in equation (i). 

60* = 15 X i B 
R — 960 feet. 

From g6o feet radius onwards the length of transition is calculated 
from equation (2), V being constant and equal to 60 


C 2 


3-155 X 60’ 
RL 


i.e. L = 


3-1:55 X 6 o» „ I 

i "sr 


340740 

R 


( 4 ) 


' Thus after 960 feet radius, L gets shorter as the radius increases. 
This can be seen clearly from the graph. 
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Shape of Transition It lias 


c* 



By differentiating in the formula 


been explained that the 
chief function of a transition 
is to provide a curve whose 
radius gradually decreases as 
the length increases till such 
point as its radius merges into 
the designed radius of the 
curve. 

The ideal curve is the 
true spiral whose ccpiation is 
mJCf .. .. (a) 

' being tlie length of cur\’e from 
the origin at any point P, 
measured along the curve. 

»t is a constant for the 
particular cun-e and t{i is the 
angle in radian measure be- 
tween the tangent at any point 
P and the .Y-ordinate. 

I ~ mjif 


d I 


i m tj> 


(i-i) 


M 

2s/^ 


d / _ a small change in length 
~ a small change in angle 

= r where r is the radius of the cim'e at the point 



«; = 2 

Multiply both sides by m 
Then »»* ■= 2 r («» — 2 r / 
m=j2rl. 


Hence as m is constant, rl is also constant, r is therefore, inversely 
proportional to I, thus fulfilling the essential function of tlie ideal 
transition. 

Substituting for m in equation (a) 

I = Jz ri(ji OT I =- 2 if r 


(t> being in radians (not degrees). 
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In order to devise a convenient method of laying out transitions 
in tlie field, we want to reduce tliis to cartesian co-ordinates. 



. . . j jr • 1 «»sin 4 '<f 4 ' 

We have theretore dy — dL sin S' = 2 i "j,' 


III 


and dx<^dL cos 6 

By expanding sin i{> and integrating we get 

'J* _ Jil. 4. ^ iJ’I— + . 

■“ 7 X / H rt X I ji_ 15 X 7 


Mi 


•) 


..( 6 ) 


(TIuMUuhor i«i iluicbtwl U) PpiifpSMir llnj'iil Dnasuii fni ihr workiii); oiii of tlir 
above fornniln ridr “Carve, Design’' IlSI). 

Substituting equation (5) and taking the final value 

of / » /-, the full length of the transition, ami r ■■ J{, the final radius 
(or tire radius of the circular curve), this formula gives the value of 
the final Y or the ordinate at the end of the transition as under 


Y “ J2 R 2 ^ | 27 ?x 3 CaK ) ' 7 x | ”> "^ C 2/f^ ^ ii x s 
Substituting ((from equation {3)] for L up to 960 feet radius 


“• 5 ^ 


(c) 


.( 6 ) 


This niaj' also be expressed in the form 

^ P__ 

^ ~ '6RL iie jRLy 

which issufficientlj’ accurate for all values of A’ and A, /being the length 
from the origin at any point P along the curve. Above 960 feet radius 

keeping to a fixed- velocity of 60 miles per hour L = from (4) 

■ . jL-34?74o_17037o . 

• ’ 2 li~Rx 2 R~ ( 4 )' 

. v_ 340740 ( 170370.,, , /I70370\\, i ./ 170370 

• li ~\' ip V ~w~) ^Txir ^ ^ 


17 ) 
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These are troublesome formulae to work out, but as they are 
essential, the value of Y for various values of R has been calculated and 
, plotted on Graph No. i. The scale for Y is given on the right hand side. 


Similarly by expanding cos <|i and integrating 


x=m ✓({» ^i- 




+ 


5 X 1 ^ 6 X IjL 13 X i_G^ 

Substituting m L =ii‘5 up to a radius of 960 feet or 60 miles per 


hour and 


11-5 \/R 

2R‘~ 


2R 


= we have 


!■ 


■m 


This may also be expressed in the form 


x=l — 


^o(RLY 

which is sufficiently accurate for all values of R and Z.. 

Above 960 feet or 60 miles per hour 

substitute =£= 34 ^ 42 . 

.»d+- 


R^ 


.(8)A 


V 3407401. /170370V I ,/i 70370 V. I I 

"" 'siTiT+v^W ’^91^ ;■ ( 9 ' 


Values of X and Y according to the equations 7 and 8 have been 
plotted for various values of R in graph No. (i). The scale for X is given 
on the left hand side. 


Approximate Formulae: — Going back to the general fonnula for 
y (No. 6) and substituting / for wjv'^ if ^or tj> we have 

^■7>riT+(if) ^xix\^ 1 

For small values of «[) the second and subsequent terms are so 

small as to be negligible and y = l(~x-') = -l—=~- 
s e J' \2r^3/ 6r 6rl 

But rl is a constant and equals — 

rl =. RL^ 

' 

^ ~ 6RL (10) 
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Por most (ramiliaus designed according io the principles emuneraled 
above, these approximate formulae. No, to and ii are sufficiently accurate 
for all practical purposes for plotting x and y for curves of over 300 feet 
radius, right iipto the final value of x and y al the end of the transition. 



VoT radii less than 300 feet, they will also be suflicientiy accurate 
for the coininenccmcnt of the curve at least, where the anpk- <{/ 1ms not 
attained its full value and where x approximately ctiual.* /. I'or curves 
under 300 feet radius, however, an error of j or 4 feel will be found in 
the final value of x and y. 


If however, the final value of X and Y he plotted in tlie field 
from the accurate fonmilnc Nos. (6), (7), (S) and (9) and the inlernicdiate 
values of x and^' derived from the approximate formula No. (10), the error 
not being accumulative will be small. By actur.IIy laying out curves iii 
Uiis manner, it has been found that the error in the centre line docs 
not amount to more than 6 inches. For all practical purposes, this is 
negligible for road work. 


THAXslTiox rnntvi; 

We now have a simple method of laying out a transition curve 
by. means of equal chonis and offsets. This is an adaptation of the 
method shown in page 51 of “Curve Design" by Professor Royal Dawson, 
but avoids llie accumulative iimccurncics which would normally be 
f considerable in cur\'es of small r.adii. 


Suppose the length L be divided into say 10 equal chords, the 
length of qadi chord will he 'xL^l, as in figure 5, 
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From formula No. (10) 

V| — = from formula (10) 

' oRL oR 

Similarly 3', = (-a)* Y = -ooSy 

y'i -= ('3)' Y ^ ‘027Y 
y , = (-4)3^ = -0641' 
yt = (’5)^ y ^ '125Y ^ A shift. 

y^ = (-6)3 y = -aiey 
y- = (7)® i” = -343^ 
y, = (-Sja y - -S^y 
7.. = (‘9)3 i’ - 729''’ 

(1-0)3 y= y. 


The final X and the final y can be read off graph No. i and 
tlie intermediate chord points plotted according to the above table taking 
care in the case of curves of radius smaller than 300 feet that the chords 


of length , are measured along the curve and not along the A’ 

ordinate or tangent, and that the offsets y,, y^, y^ etc., are measured at 
right angles to the X ordinate, see figure ii. 


OTHER FORMULAE : — ^Thc following formulae are also necessary to 
enable transition and circular curves to be laid out. 

Tangent Distance 

Tangent distance (see figure 9)= AO=AC+OC 
AC={R I S) tan^ 

OC=OJi-IiC^X-DZ=:X-R sin 6 
r=AO (/< + 5 ) tail ^ +X-R sm <{< 

But 4 vide formula (5) 


.-. AO = (/f+S) tau ^ + A' - R sin (—) 

^ being in radians. 

This formula may also be resolved into the following form 


r=(f?+S) tan:^ + ^ 
2 2 


U 

240 R^ 


( 12 ) 


(12) A 
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/ ’ 

In this foriJitiln ' nt-Rligiblc above 300 feet radius. Hence 
for mtlii above 300 feet T-"( 7 ? 4 - 5 ) Ian ~ [ J2 ) H 

These formulae have been worked out and plotted for v.irious 
intersection angles and radii in GRAI’Il No. 2. 


I'or siiiall tangent angles i.e. where }i is greater than 300 feei 
Sm'h=»«}) very approximately 




Sin 



OC-rX~R Sin 


L 

ili 


« .Y-/fx 


7 , 

~iK 


2 2 

i.e. the transition length lies half on llic straight and half almig the 
circular curve as it would have existed before fitting in transitions 


This is a verj' useful |»int to rcnienibcr, especi.ally when filling in 
transitions on curves in existing roads. 


Apex Distance: — 


t^A~ ax {see figntc 9.) 
-/lil/-.\Vf= (A‘-bN) see A 

* '7 


Shirt 


(S) 


jA*A', (see fig. 0) 


^CD-DE- CD-- f,lf£'~/7.V) 

•» Cl) - [II— It CO.S 
s:BZ-R[t- COS(}») 

== y — 7 f(J--cosiI») {X.}) 

<}» Ijcing in radians and equal fo calculated ncoorditigly. 


This may also he reduced to the form 

^"■' 2 i}fr~ 26 ^«A» 

These are accurate furiiiiilac for shift and have been plotted in 
GRAPH No. (I). 

An approximate formula which i.s sulfidcntly nccumlc for curves 
of over 300 feet radiius i.*! worked out Wow 

Shift -XX^^CD — DE 
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DE is tlie versine or middle ordinate of half chord, DZ. 
DEx2R=DZ^ 

T\yz V " y T Z 

DE = — -= ^ ^ ' very approximate!}' = _ 
zf? 2R 8/? 

fi Ti 

CD=Y=i^y^ from formula (10) “^s- 
6RL oR 

. c_ _ TJ _Y 

“ 6« 8R 247? “ 4 


(14) E 


Circular Arc: — (Fig.g) 

= Distance ZZ, measured along the curve 

=R (A— 2 (j>,.) (15I 

where A and <{) are both expressed in radians, 
di is known from formula (5) 

<!»,, ■= ^ from equation (5) 

Expressing A and i}) in degrees this formula works out to 

ZX,Z, (16) 

d being the intersection angle DAO^ in degrees. 

This brings us to a verj' important point in the design of cur\'es. 


This expression may be equal to zero, in which case’ the two 
transitions OZ and OZ, meet in centre, A', , having a radius —R at that 
point, but they must not become a n^ative quantity, which %Yould mean 
that the two transitions would overlap in the centre, and there would be a 
sharp angle at point JV, , instead of a smooth curve as sketched below. 



Fig. 6 
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Putting it matliematically, it follows from equation (14) A that L 

must not be greater than (16) A, 

. loO 


If we take it that CD, the length of transition on each side of point 
C, is equal to^ then the total length of transition curve inside the previous 

circular arc — 2 x ——L. 

2 

. Tr/frf® . . 

And the length of circular arc before trausitionary being , it is 
self-evident from figure (q) tliat L must not be greater tlian . 


The value of the expression depends on two factors, d and R. 
d is fixed for 0113* particular, curve. It follows therefore, that if the expres- 
sion is less than L the only way to make it bigger is to increase the 

180 

radius R. This MUST be done if correct transition curves are to be provided. 

If it is desired to use the various fonmilae given above for design- 
ing transition curves it is important tliat these two expressions, L and 

be worked out and compared in every case. But if the graphs 
180 . . , 

attached to this paper are used, it will be self-evident from graph No. 2 
tliat the Radius chosen is impossible becau.se the graphs showing tangent 
distances arc non-existaiit for .sudi impossible cases. The graph also 
enables the lowest radius which will allow correct transitions which meet 
at the centre, without having any intermediate circular arc. to be chosen at 
a glance. Such transitions will be found along line VQU in Graph 
No. 2. 


The formulae for apex distance, shift, and length of circular arc 
are not strictly necessary for laying out a transition curve on a new road, 
as the transitions can be laid out by calculating only L, T, X, Y, .v, and y. 
Unis fixing the points.? and/f, {vide fig. 9). The circular curve can then be 
laid out in the field by connecting up points Z and by a circular curve 
worked out on the versine formula described further on. TJie apex dis- 
tance, shift and lengtli of circular curve arc thus found automatically 
without calculating. 

But having laid Uiein out on the field, it is an e.xtreniely useful 
and, in fact, an essential check on work to check up the actual lengths of 
A and Z and Z, , ns found in Uic field, with the calculated or graph 
values. 


The formula or graph for tlv apex distance is also very useful 
during a preliminary reconnaissance to find - out approximately where the 
centre of the curve will come in tlic field, with a view lo avoiding very 
low land, rock out-crops, buildings, or oUier obstructions. 
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The formulae for shift and apex distance are also especially 
useful for laying out and checking up at site whether proper taansitioning 
is feasible in an existing circular curve on an old road which it is desired 
to improve. 

The guiding factor when trying to introduce a transition into an 
existing circular curve on a road is whether the shift involved 
brings the edge of the road beyond the inside edge of the earthen flank 
or into a building or other obstruction. The graph for shift shows that 
the shift is practically constant at 5‘25 feet upto 960 feet radius and 
decreases gradually thereafter. It is quite easy to remember tliis figure of 
approximately 5 feet for shift and decide at a glance at site whether a 
transition can be conveniently effected. 

Layout of Circular Curve : — ^An apology' is due for introducing 
elementary formulae for circular cur\'es into this paper, but as the paper 
is written as much for overseers, many' of whom may* be quite new to road 
work, as for engineers the method of lay'out is described so that the 
whole procedure from beginning to end may be as foolqjroof as possible. 


The method recommended is that known as the versine method as 
this is the least liable to mistakes. 





Fig. 7 


It is desired to fill in a cir- 
cular cur\'e of radius R between 
points Z and Z^. (Fig. 7) 

Join Z Zy 

Let and A'’j be the centre 
points of the cliord and arc res- 
pectively’. 

X, is known as the versine 
or middle ordinate of the segment 
of the circle, ZX, Z,, and is gene- 
rally known as X. 


By Geometry 

XjBf X BjCj —ZB^ y Z^B^ 

B,C, = C,X, -BjA-, =zR-B,X, 

ZB,=.B,Z, 

••• ^,S,{25 - XjB,) = ZB^^ =^£ll 

4 

77 2 

t.e. A(2i?-A) = ^ 


2 Ba=A* 


chord* 


4 - 


(17) 
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X should be calculated from this formula when the angle Zil/Z, is fairly 
large. But as this is very seldom the case the following approximate 
formula is usually used. 


small 
2RX = 


When angle ZMZ^ (A —24,) is small (say less than 45“) x is very 
and X" may therefore be neglected. The equation becomes 
cliord^ 

chord® • . 1 ,0. 

■'* ^ ~ 87 ? ' (18) 

For this formula (a - 24 ') must not be greater than 45 degrees. Expres- 
sing this in degrees,^ ^ X must not be greater than 45*’. 

The point having been found and plotted in the field as 
described above, 'intermediate points a!id A", can be similarly plotted, 

for similarly. X.fli=^^-. 


(see figures 7 and 12). 


The process may be repeated as often as desired to obtain points 
on the curve whidi are close enotigli. Usuallj' points A',, A',, A'j, etc., 
25 feet apart are quite accurate enough. 

This vcrsinc method is a couveiiient and almost universally 
adopted method of ascertaining the radius of ati old existing curve, as 
tlie points Z^X^ZJ and IS, are apparently easily located from the centre 
line of the existing road. 

But in practice, it is found that very many overseers or surveyors 
and many Subdivisional Officers make a mistake in that they almost 
invariably, until taught, take points Z and Z, along tl>e centre line of the 
straight tangents instead of on the cun'c portion. 

On calculating from this wrong data, the radius obtained is neces- 
sarily larger than that which actually exists. This is shown in the 
sketch below: — 



Fig. 8 
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This sketch is of course exaggerated, but it is self-evident that 
if the chord points are taken at along the tangents instead of at 
Z and Z, the radius so calculated will be much larger than it actually is. 

It is. of course, impossible to fix the exact points where the 
tangent touclies the circle by ej'C at the site. It is tlierefore always 
best to take the points Z /T, well inside the circular arc to avoid a mistake 
in the opposite direction. 

To be on the safe side, it is also well to insist on all Overseers 
or Survej'ors who are deputed to collect field data on curves to submit 
their calculations for radius along with a scale dimensioned drawing of 
the circular arc showing chord and vcrsine lengths as well as the deviation 
angle, A. Any mistakes in field obser\'ations will become apparent 
when an attempt is made to draw the cur\'e to scale. 

These precautions, though elemcntaiy, are essential to enable a 
correct design for transitions to be worked out as it is the initial plan 
showing tlie radius and deflection angle of the existing curve on which 
all further calculations have to be based. It is surprising what absurd 
results can be produced by inexperienced Overseers if not carefully 
instructed and watched. 


“S” CURVES. 

S curves are merely a combination of two circular curves see 
figure 10 and present no real difficulty. But care has to be taken when 
designing them that the curves do not overlap in the middle. 



If the sum of the two tangent distances for the two curves A 0 + 
A, Oj exceeds the distance between apex points, A A,, the curves wall 
overlap in the middle. To avoid this, either the radii would have to be 
decreased or the apex points, A and A, would have to be shifted further 
apart. 

"HAIRPIN" BENDS. 

These are merely cases where the deflection angle, A , equals 180 
degrees. The difficulty in treatment lies in the fact that the tangent 
distance becomes infinity, and there is no apex or starting point from 
which the normal procedure could commence. This can easily be overcome 
by a very little trial and error on a scale drawing. With a pre-determined 
radius, X and Y can be ascertained from the graphs and plotted on paper. 
A circular arc can then be plotted between two ends of the transition. 
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The distance from the apex to the origin of the transitions can be 
scaled off and the laying out in the field thdn follows the usual pro- 
cedure. 


COMPOUND CURVES are unidirectional circular arcs of differeut 
radii witli a common tangent 4>oint. These are difficult to transition 
properly, and, as a sudden decrease in radius after the cur\'e has been 
entered is most disconcerting to a driver, they should be avoided at all 
costs. 


VERTICAL CURVES. 

Just as a change in direction in a horizontal plane causes discom- 
fort and stresses iu a car, so also a diange of direction in a vertical plane 
causes similar inconvenience. It is not proposed to investigate such 
changes from a niatlicmatical standpoint, ns the correctness of the 
preliminary assumptions made in such mathematical analysis by recent 
authors has not been sufficiently established. But for practical puriroses, 
the standard laid down bj‘ the Country Roads Board, \Mctoria, Australia 
serves as an e.xcellent guide and is reproduced below. Pigurcs arc also given 
to show the allowance required for sufficient visibility over a "hump" or 
change in grade, so that a car can brake in sufficient time after viewing the 
oncoming car. They allow for an average co-efficient of friction in braking 
of i'.=o-50 and a "reaction time" of 0-5 seconds between tlie tirne when the 
oncoming vehicle is first sighted and the moment when the mind and 
muscles react and press the brakes. 


Speed (Miles per Hour). 

1 

i 

Minimum sight Distance in Feet 
on Centre Line at 4 Feet Above 
Road Level. 

I 

30 

1 

175 

35 

225 

40 

275 

i 

45 

I 335 

50 1 

1 dt’*) 

60 

1 550 

70 

750 
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For comfort; the rate of diangc of grade should not exceed the 
following values. 


Speed (Miles per Hour) 



1 

30 

! 

35 

1 

40 

45 1 50 
\ 

. 1 

60 1 70 

1 ' 

I 

Maximum rate of 
change of grade (per 
cent) in 100 feet. 

! 

i 

! 

9 

mam 

wu 

■ 


The rccomincndations of the Indian Roads Congress allow for a fixed 
sight distance of about 550 feet, which agrees with the figures given by 
the Country Roads Board, Victoria for a speed standard of 60 miles per 
hour. It is not possible to design all roads, c.speeially in hilly countr}’, 
for this speed standard. Hence where local conditions demand a greater 
latitude, the Victoria Roads Board specifications arc recommended, 

Tlie recommendations of the Indian Roads Congrei-s (vide appendix 
II, Vol. V of the Proceedings) are reproduced below: — 

**In the case of vertical curves the maximum gradient should be 
I /30 used over a horir.onUil distance not exceeding 200 feet, and the rate 
of change of gradient should not exceed i/ioo per hundred feet measured 
horizontally, and the summit of the curve should be made horizontal 
for a distance of 100 feet, A sight distance of about 550 feet will be 
thus automatically provided." 

It is necessary that particular attention be paid to design of grades 
according to the above figures in approaches to culverts or bridges along a 
straight road where the section speed is high. 


SECTION SPEED, 

In designing a section of a road in an area with generally uniform 
topographical character, endeavour should be made to promde for all curves 
one and the same speed (known as the "Section Speed") thus afiording 
uniform driving conditions and safety over the Section. At the end of the 
section where there is a change in tlie topography, and it is necessary* to 
diangc from one Section Speed to anotlicr, it is desirable to diange tlie 
speed on successive curves in steps of 3 or 10 miles an hour, so as to 
accustom the driver gradually to changing conditions. Where on an 
exceptional cur%’e, the speed has to be reduced below the Section Speed, a 
warning sign should be provided, especially for large abrupt diangcs in 
driving conditions, e. g., a reduction of 20 miles per hour or more below 
the Section Speed, but such isolated curves below the Section Speed 
should be avoided whenever tlicy can be eliminated. 
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Standard notation for transition curves (Reference Pigs. 9, ll, 12 and 13.) 

C X circular curve before laying out transition. 

OZ, & 0,Z, = transition curves or spiral curves. 

, ZX^Z^= portion of circular curve remaining after filling in 
transitions. 

0 = point of change from tangent to spiral. 

Z = point of change from spiral to circle. 

L = total length of transition spiral from 0 to Z measured along 
the curve (in feet). 

1 = lengtli in feet from 0 along the spiral to any point on the 

spiral. 

V = designed speed in feet per second. 

V = designed speed in miles per hour. 

A =s intersection angle DAO^ in radians = angle CMC,. 
d = angle DAO^ in degrees = angle CMC,. 

R = radius in feet of circular arc CXC, before transitioning 
= radius of circular arc Z.Z,Z, after transitioning minimum 
' permissible radius of spiral at Z, assuming that the two 

spirals meet at the centre and that there is no circular 
curve. 

s,y, = abscissa and ordinate, respectively, of any point on the 
spiral with -reference to point 0 as origin and OA as tire X 
ordinate. 

X,Y ^ coordinates of Z : — X — OB ; — Y = ZB. 

<j/L = angle Zrri= tangent angle = angle made by the tangent 
to the spiral at point Z with tlie X ordinate. 

^ = angle made by the tangent to the spiral with the ordinate at 
any point P. 

S = -shift = distance between the positions of the circular curve 
before and after transitioning. 

T — total tangent distance ^ AO — AOy 
A = AX = total external secant or apex distance. 

B ’= permissible coefficient of friction between wheels and road-= J. 
C =» permissible rate of change of acceleration per second per 
second per second: — Assumed 2 for all speeds. 

X] * .Jf, 5, = versine or middle ordinate of segment Zif,Z,. 

X2 X^B^ = versine or middle ordinate of segment -STj X 2 Z,. 
e t=! the super-elevation expressed as a decimal fraction of the 
metalled width of the road. 

E = total super-elevation in feet for Radius R. 

•c p. usual road camber or cross-fall in straight road expressed 
. as a fraction of the half width e.g. 1:36, 1:48 stc. 

. , w 5= increase in road width. 

W = original road-width. 



SUMMARY OF FORMULAE AND METHOD OF PROCEDURE FOR DESIGN AND LAYOUT OF TRANSITION CURVES. 

( REI'ERENCGS GIVE!? TO FiG. 9 , II & 12. ) 
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TRACKWAYS FOR RURAI/ ROAD DEVEDOPMFNT 

By 

I 

K.G. Mitcheli,, C.I.E., A.C.G.I., M. Inst, C.E., A.M,rNST.T,, I.S.E., 
Consnliiiig Engineer to the Government of India (Roads), New Delhi. 


The writer first began nearly 20 years ago to think of trackways, as 
a solution in certain cases of the stage development of rural earth roads. 
Since then he claims to have been the principal, if not the sole protagonist 

or, as some possibly think, faddist — ^in respect of these. In recent years 

there has been propaganda and demonstration of trackways, and there is 
little that is now left to be said and little fresh material to work into a 
Paper for the Congress, which is a body entitled to e.Kpect original 
communications. 

2. But this Paper has been written in an attempt to review tlie 
position as it is and as a parting shot at members of the Congress whose 
opinion sliould influence rural road policy. We are all agreed that one of 
the most urgent needs in India today is to improve rural transport facili- 
ties, Economic and social progress and that education which follows a 
widened outlook will all follow— and more rapidly than by any other 
means,— tlie breaking down of the isolation and relative stagnation of the 
villages which result from bad roads. The motor bus cleaves to tlie 
metalled road and still fails to play its potential part in providing con- 
venient, comfortable and rapid transport to and from the immense number 
of villages which lie off the main metalled roads. It is because of this 
isolation and stagnation that the more highly educated gravitate from the 
village to the town, and it is becaitse of this that the benefits of prophyl- 
actic and curative medicine do not reach the mass of tlie rural population 
as they should. An all round improvement of rural roads is overdue, but 
with tlie bullock cart, as it is, this improvement appears to be financially 
impossible if we cannot get away from the orthodox methods^ and 
materials of metalled road construction and maintenance. The writer is 
whole-heartedly in favour of persuading the community to see the bul- 
lock cart problem in its true perspective, and of spending geueronsly to 
subsidise conversion to pneumatic tyres, but that revolution in rural 
transport will lake years to effect and tlie country cannot afford to stag- 
nate in the meantime. It is suggested, moreover — 

(1) that the bullock will remain as the motive power of rural 
transport for many years, so long at least as the bullock 
pulls the plough, partly because agricultural holdings are 
fragmentary ; 

(2) tliat, if earth roads remain no better than they have been 

for centuries, or indeed deteriorate under increasing 
traffic, it will be the more difficult to persuade the cartman 
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to change a cart which has been evolved for such condi- 
tions ; and that, therefore, every extension of better roads 
will remove an obstacle to the improvement of the cart 
both as a transport machine and as a road user, by 
conversion to pneumatic tyres, or otherwise, if there is an 
otherwise ; and 

(3) that trackways, if properly planned, are a stage in 
development tliat can be worked into the better road that 
may in time follow. 

3. It is unnecessary to remind the Congress that, excluding the im- 
mense milage of village roads, more than half of our extra-municipal 
roads are natural earth. Nor is it necessary to point to the thousands 
of miles of excellent earth or lightly surfaced roads in the United States 
and — as Mr. Murrell stated in his Paper last year — Australia. The scien- 
tific stabilization of soils has plaj'od a considerable part in the develop- 
ment in America. At the instance of this Congress, research in this 
direction has been initiated in India in recent years. It should be fruit- 
ful in many ways, but it is apparently beyond the wit of man to pro- 
duce an earth road that will caiTy heavy cart trafiic as carts now are. 
It has been roughly estimated* that there are possibly 50,000 miles of earth 
road alread}' carrying traffic that is beyond their capacity — traffic whicli 
would increase were the roads to be improved. In this connection a 
brief account of what happened on tlie roads in the Punjab about 15 
years ago, is apposite. 

4. Attempts were being made by demonstration, to persuade District 
Boards that earth roads could be saved and improved by proper section- 
ing and some blending of soils. A length of about ten miles in each 
district was selected for tins demonstration. This was so far successful 
that it was followed for a time by fairly e.xtensive improvement and 
maintenance by maebiuery ; but it is, it is believed, a fair statement to 
say that progress was eventually halted by the fact that the traffic was 
or soon became beyond the capacity of any earth surface. A subsequent 
development was tlie reserr’ation of a small strip along one side of tlie 
road for light motor traffic and pathetic contentment that the rest should 
remain bad. This development has at least shown that there is an immense 
milage of earth roads that, relieved of the loaded bullock cart, can rvell 
serve other traffic. But the experience with one of the earlier demons- 
tration roads may be cited as typical. It had been so bad tliat practi- 
cally all transport was by pack. But tlie soil was good and, b3' a little 
widening, grading and blending of soils, a first class earth road was 
provided. Tongas and a couple of light buses began to run at once to 
the great comfort of the people, and every one was delighted. But traffic 
rapidly increased and before long pack transport was replaced bj' bullock 
carts and the road began to deteriorate, and to revert to its previous con- 
dition. That was some years ago; the carts raaj' remain but tte buses 
and many of the tongas have probably given up. Goods transport may 
have reverted to pack, and, the inhabitants are probably convinced that 
nothing short of a metalled road is any good to them. Translate that 


• Proceedings of the Sixth Annnnt Meeting of the Indian Ronds Coiigrcs.s 
Bomhny— President’s Address. 
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example into 50,000 miles of road in the same case and you have a measure 
of the problem. 

5. Having regard to the possible and indeed desirable rise in the 
wages of rural labour and the price of materials, it is not wise at the 
present day to build a metalled road unless maintenance provision can 
be guaranteed at a rate that can seldom be less than Rs.' 500/- per 
mile per year. Indeed if the road is to be surface treated, Rs. 800/- is 
a low figure. But, at Rs. 500/-, 50,000 miles of metalled road will cost 
two and a half crores a year in perpetuity to maintain and, after the 
almost inevitable periods of temporary neglect, large sums to restore. 
The present provision for extra municipal road maintenance, "Provincial” 
and "Bocal", in British India is about four and a quarter crores. It is 
generally believed to be inadequate, and it is difficult to get at that. 
With trade and revenue cycles aggravated by the vagaries of the mon- 
soon, the main problem in India is not so much to provide the original 
cost from occasional surplus budgets, or even from loans, as to imder- 
take the additional perpetually recurring and unforgiving liability for 
maintenance. The need for the improvement of rural communications 
is urgent and real. Can we contemplate as a practical and immediate 
policy one that will require the addition of two and a half crores or 
60 per cent, to the present maintenance bill, which is already inadequate- 
ly financed ? Should we not say that the existing very large invest- 
ment in roads should first be adequately reconstructed where necessary 
and properly maintained before we add so largely to the liabilities ? If 
that is so, are we then to sit back and do nothing until very much 
larger and more regular provision is made for maintenance ? Even if 
the money were available, is the orthodox metalled road, with or with- 
out surface treatment, the best investment, or can we not find some- 
thing serviceable that is less costly to maintain and less dependent upon 
that essential to ordinary metalled roads, regular and unfailing yearly pro- 
vision for maintenance ? 

The writer believes that one answer is to be found in trackways 
which can carry the loaded cart and leave us with earth roads which, par- 
ticularly with tile help of science, we should be able to maintain for other 
traffic at a standard comparable with that of the United States and 
elsewhere and at a recurring cost of Rs. 100/- to -Rs. 150/- per mile per 
year. In cement concrete, the trackways may be expected to last for 15 
to 20 years. That should suffice for the present, but if, before the expiry 
of that time, it becomes possible to advance the road a stage further, 
trackways still have their use or "salvage value.” 

6. It is necessary to emphasise and even to labour the fin^cial 
case for trackways because there are still people who do not see the justi- 
fication for spending eight or ten thousand rupees a mile in first cost to 
provide no more than a good earth road for traffic other than carts, when 
an orthodox metalled road can be provided for the same or even less 
money. Assuming that trackways can be built for Rs. 8,000/- per mile 
and maintained for Rs. 150/- per mile per year, and taking equated ' 
payments spread over 20 years at 7 per cent to include interest at 

per cent and redemption of capital, the total cost of trackways may be 
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compared with metalled roads at various costs for construction and 
maintenance as follows : — 


TABLE I. 

Comparison of total cost of trackways with metalled roads over 20 years. 


! 

Trackways. 

Metalled Road. 

CAPITAL COST. 

8,000 

5.143 

I 7.500 

15.000 

ANNUAL COST, 

1, Equated pa3'mcnts .. 

560 

■ 

525 

X.030 

2. Maintenance. 

150 

■H 

500 

1 800 

Total ... 

710 

710 

1.025 

1.850 

Total in 20 years 

14,200 

14,200 

20,500 

37,000 


It will be seen that, if trackways can be provided for Rs. 8,ooo_'« 
a mile and maintained for Rs. 150/-, it is necessary, in order to compete 
in cost, to have a metalled road that can be built for about Rs. 5,000/- 
and be maintained for Rs. 350/- per mile per year, Sucli a metalled road 
will not, of course, be surface treated witli tar or bitumen. It will be 
dusty and little better, sometimes worse, than a good earth road. Track- 
ways in an earth road are not intended for motor transport and it is indeed 
said to be diflicult to drive a motor vehicle on them at any speed for any 
length of time. But after heavy rain, for in.stancc, when there is little 
or no bullock cart traflic moving, and the carlli road is soft, it is quite 
possible with care to drive a motor vehicle along them, when it would 
not be possible to move without. 

7. Trackways are not original. They are possibly a revival of 
something of great antiquity in Europe, The derivation of the word 
"tram" is from a Nortliern European word meaning a balk or beam of 
timber and a "tram road" was a road with wooden, stone, or later, iron 
wheel tracks. Trackways for India, however, were first suggested, to the 
writer at least, bj' the simple fact that it appeared to be less costly to lay 
the ruts in durable materials than to make and maintain a macadam road 
to be cut into ruts, w’hile the rest is of very little use. 

8. The first trial was made near Lahore in 1923-24. An eartli road 
was carefully levelled and drained with a wide formation and at tlie lowest 
level compatible w’ith adequate drainage, and a short length of trackways 
was laid along this. Unfortunately, the road was shortly afterwards select- 
ed for development as a trunk road and the trackwa3’s were buried midei 
an orthodox but unnecessar}' embankment willi a metalled road on the top. 

9. To digress for a moment, it is the writer's firm conviction that 
for years, road designer in India has been wrongly dominated bj* railway 
practice, and that for everj' mile of road that is too low and liable to 
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inundation, hundreds of miles are spoiled by excessive embankment. The 
edges of a bank are always damaged by erosion. The "cut it out and 
hang it up to dry” section cannot retain the moisture-content necessary 
for stability. The bank is a frequent source of accidents, particularly to 
bullock carts when the bullocks take fright; and lastly, and in this rasp 
also least, unnecessary money is wasted in earth work to build and main- 
tain the bank. There are areas of high rainfall and flooding rivers 
where embankment is a necessary evil. But there are many areas of low 
rainfall and absence of general inundation where they are an abomination. 
Possibly the best lightly metalled roads in India are in Jaipur State. 
These have a formation about 40 feet wide, good berms on mother 
earth and the crown 9 inches or so above the natural surface, A railway 
must be on a bank partly because it must never be topped and partly 
because of its limiting gradients. The draftsman who, in a road project, 
uses on the longitudinal section a straight edge sometimes over a mile 
long, to scale, is still dominated by his training based on railway eng- 
ineering. If a road is occasionally topped, little harm is done if it has 
a flat or stream-lined cross section or profile. Indeed an occasional soaking 
will do a lot of good to many roads. With our mixed traflic, we want 
wide roads with plenty of room on the kachha for the miscellaiicy that 
uses them. Every unnecessary foot in height of bank makes it more ex- 
pensive and difficult to widen as well as to maintain the road. 

10, To return to trackways, for some years the writer was not in a 
position to carry out further experiments and abandoned the subject in 
view of general scepticism and of sobering experience that when the 
people who are to do a thing say in advance that it " won’t work’', it does 
not. In recent years, however, it has become more and more obvious that 
earth roads cannot be made to carry heavy cart traffic, and that, even if 
loans could be raised for construction, the recurring cost of a substantial 
additional milage of metalled roads at present presents insuperable obs- 
tacle to adequate development in that way. Arrangements were, there- 
fore, made with the Provincial authorities to lay down two short lengths 
of trackways, less than a mile each, for demonstration to the First Indian 
Roads Congress, One of these was on the Jaranwala-Sayadwala road in 
the Punjab and the other on the Badii Railway Station road near Delhi. 


II. (i) About the same time trackways, or "creteways” were 
tried on an earth road in Assam. 'I'he idea was taken 
from similar successful work in Southern Rhodesia and 
East Africa where wheel tracks in both cement concrete 
and bituminous materials had been found to provide a 
satisfactory and economical form of road for light, mostly 
motor, traffic, 'riie Assam “ creteways ” had the same 
object. 

{2) Some slab-stone trackways were laid in 1931-33 in a sandy 
stretch of the uumetalled part of the Bharatpur-Jaipur 
road ill Bharatpur State. These again were satisfactory. 
'They were, of course, used by all vehicles which are not 
numerous; and, when meeting or ijassing another, one 
vehicle had to pull off, but this did not constitute a serious 
nuisance. 
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(3) " Creteways ” have also been laid in the luts of metalled 
roads, satisfactorily in a kdnkar surface in the United Pro- 
vincesbutnot so successfully, it is believed, in stone macadam 
in the Central Provinces on the Jubbulpore-Damoh road. 
It seems that, while the longitudinal joint between a 
concrete side width and the rest of the .road — as in what 
Bombay has now called “Conphalt" — does not give trouble, 
the four joints with "creteways” laid in stone macadam 
give constant trouble. Por this type of construction it is 
necessary that the material of which the road crust is 
formed should have, like hankar, very good binding 
properties. 

(4) These instances are, however, of trackways or "creteways” 
designed for a somewhat different purpose to that witli 
which this Paper is concerned. 

12. (i) A further short length of trackways in an earth road of one 

mile has been laid in the Punjab on the Lyallpur-Jhangroad 
as tlie separate road for bullock carts, as an experiment 
with segregation. 

(2) An experimental length laid in Sind some years ago has been 
so promising that the Sind Public Works Department now 
contemplate the use of cement concrete trackways as a 
standard tj'pe of construction for rural feeder roads. 

13. Finall}' in order to test and to demonstrate the traffic value of 
trackwa3's in an earth road on a somewhat longer scale than heretofore, 
a length of about five miles has been laid on the Gohana-Sonepat road in 
tihe Pimjab. This was completed in March 1940 and will be seen bj' 
those attending the Congress in Januarj-^ 1941. They can form their own 
opinions. 


14. Technique of construction of trackways. 

(i) Various forms of construction are possible and have been 
tried. In certain rare localities, suitable slab stone can be 
quarried and tliis should be very satisfactory, provided the 
slabs are of .sufficient thickness, say 6 inches. For the 
general case, cement concrete seems, at present, to be the 
most economical wearing surface, but whether the trackway's 
should be made wholly in cement concrete or in thin 
cement concrete slabs upon some otlier foundation deiiends 
to some extent upon local conditions and materials avail- 
able. The mixing and laying of relatively small volumes 
of concrete along an often dusty earth road requires close 
supervision and considerable care. With two-course 
cement concrete work, say four inches of lean and two 
indies of standard concrete, these difficulties would 
obviously be increased. Trackways of stone water-bound 
macadam, whether surface treated or not, would probably 
ravel at the edges and would be troublesome and costly to 
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repair and renew. Kankar has much more cohesion than 
stone bnt would also be liable to ravel and would only serve 
for very light traffic. Brick-on-edge laid dry has also 
been tried but not, by the writer, for any permanent pur- 
pose. It appears to be suitable only for very light traffic, 
and while the bricks can doubtless be turned after a certain 
amount of wear, repairs would be troublesome and 
probably expensive. With the exception of the Bharatpur 
stone slabs laid in Bharatpur and on a short length on the 
Badli Railway Station road, the trackways with which 
the writer has been connected have invariably been sur- 
faced with Portland cement in the normal proportion of 
4:2:1 more or less, adjusting the actual mix to the 
materials, in order to get a workable mix with a suitable 
cement-water ratio. 

(2) Jaranwala-Sayadwala -Road, Punjab. Figures i to 5 (Plates 
I and II) give the details of the five sections of the track- 
ways laid on this road. The first section (Figure I) was tw'o 
furlongs in length and the remainder one furlong each. 
The first three sections were completed in November 1934 
and the remaining two about a year later, when also were 
laid two sections of a nine feet, light section, concrete road 
for the purposes of comparison, each being one furlong in 
length and being — 

(a) 2 inches of cement concrete on hand-packed 
brick-on-edge soling ; and 

(b) bonded cement concrete and brick with a thickness 
of concrete of 2 inches over all and zh. inches in 
the "web". 

Botli these sections of 9 feet road (Figures 6 and 7, Plate II) 
were still in existence up to a few montlis ago, tliat is five 
years after construction, but had broken up badly and have 
since, it is believed, been covered with some bituminous 
premix carpet. The quality of the concrete in these did 
not appear to have been good and it is noteworthy that in 
section three (Figiirc 3) of the trackways the preuiix inlay 
rapidly wore out leaving only two inches of cement concrete 
whicli has stood well, Tliis is, of course, on a very 
heavy foundation of 9 inches of well-rammed lime concrete. 
But it is possible tJiat Ihd failure of the 9 feet concrete 
road is due, in part at least, to an unsuitable foundation. 
The writer has always suspected dry brick as a founda- 
tion for very thin crusts or carpets as giving inadequate 
distriljution of load leading to the pulverising and loosen- 
ing of tlie sub-grade and as tending to rock and move. 

{3) To digress once more, owing to the difficulty of obtaining 
stone in the Western Punjab, about 12 years ago after 
preliminary, satisfactory small scale experiments, a length of 5 
■ mites of 2-inch sand-bitumen carpet was laid on a brick-on- 
edge soling, Xhis shortly became a total failure 
• apparently owing to the mix having been too "dry , but 
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upon taking up certain sections, it was found that the 
sub-grade under the dry brick was very loose and pul- 
verised and obviousi}' afforded an inadequate and unstable 
foundation. 

(4) To return to the trackways on the Jaranwala-Sayadwala 
road, it will be noticed that in two sections a heavy 
foundation of 9 inches of lime concrete was given. The 
reason for this was not because such a heavy foundation 
was necessar3’ on a good sub-grade, but because the 
work was done in a hurry (in order to demonstrate it to 
the First Roads Congress) and the road being badly cut 
up and rutted, it was not certain that a hard bottom 
could be found or made at a higher level. Actually it 
evidentl}' was, since the sections on 4^. inches lime concrete 
appear to be as good as tliose on 9 inches. The inset 
cement concrete “sleeper” under the joints is now seen to 
have been unnecessar}’, but this was one of tlie earliest ex- 
periments. It is noteworthy however, that, while the joints 
have abraded somewhat, there is, as would be . expected, 
no sign of depression and consequent cracking two or three 
feet back from the joint, which is liable to happen with 
plain unreinforced and unsupported butt joints. 

(5) Bitiminous Inlay. When these trackways were laid, it 
was feared that hea\fy bullock cart traflzc over a period of 
years might cause surface wear in the concrete which 
would be diflicult to repair, and the experiment was 
tried of providing a one-inch inlay of bituminous premix 
(Figure 3) which, it was thought, could be repaired periodi- 
cally leaving the concrete intact. This premix, however, 
as also in the similar trial on the Badli Railway Station 
road, quickly wore out and was never replaced. The two 
inches of concrete have stood quite well and in fact the 
sharp arrises at the edge of the slab are still in existence 
six years after construction. The inlay is evidently un- 
necessary'. The writer's present theory is that tlie ' 
trackways should be slightly below — say one inch — the level 
of the earth road which is thus "dished". This has two 
advantages, pre-emption against the concrete tracks 
becoming "proud" with consequent dilEcultj' for carts to 
get on when tliey have got off, and against consequent 
damage to the edges, and the retention of a thin layer of 
dust on the concrete saving both that and the feet of the 
bullocks. There is some off-setting disadvantage in 
the ponding and puddling of the earth against the con- 
crete after rain, and the layout must depend on the amount 
of rainfall. 

(6) Photographs of the Jaranwala-Sayadwala road track- 
ways, taken about five years after completion, and of 
the condition of the earth road beyond the trackways 
was published on the cover of “Indian Roads" of 
December 1939 and other photographs have appeared 
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elsewhere. It will have been seen from these that the 
trackways are still in sound condition and that the earth 
road is in very good order and stable for any kind of 
traffic other than loaded bullock carts. A further photo- 
graph* or photographs will, it is hoped, be taken in Novem- 
ber or December during the height of the cotton market- 
ing season. It remains to be stated that the latest census 
of traffic gave a total* for 24 hours ns follows : — 

(7) Badli Railway Station Feeder Road. Seven furlongs of track- 
ways were laid in the autumn of 1934 on' this road 
which leads from the Grand Trunk Road a few miles 
North of Delhi to Badli Station and to a number of 
villages beyond. Owing to the recent construction of a 
metalled road giving more direct acce.ss from certain of 
these villages to Delhi, the traffic on this road has greatly 
diminished and the test of the trackways is not severe. 
These were fully described in Mr. Dean’s Paper read 
before the First Roads Congress! and need not be described 
again except to state that, as in the case of the Jaranwala 
experiment, tlie inlay of bituminous premix in the con- 
crete trackways was not a success. 

(8) Trackivays in Sind. The various specifications tried in 
Sind . have already been described,^ but as these are 
the least expensive cement concrete trackways so far 
laid, as far as the writer is aware, the particulars, for 
which the writer is indebted to Mr. Parikh, may be briefly 
recapitulated. All the trackways consist of two strips 
of cement concrete each 2 feet wide, laid on a track of 
4 feet 6 inches centre to centre. The cost stated below 
is the estimated cost per mile exclusive of earth work. 

(i) Portland cement concrete 6 indies tliick, proportion 
1:2:4 for the top z indies, and 1:3:6 for the bottom 
4 inches. Jassai stone (Quartz Porphyry). Reinforce- 
ment was used for about 3 feet near the joints, both 
at top and bottom in one furlong and at top only 
in another furlong. The work ^was completed in 
November, 1936- Rs. 9,600. 

{2) Portland cement concrete 4 inches thick, proportion 
1:3:6 Khathar stone (Diniestone). Rs. 6,600. 
Completed in November 1937. 


* Tho Paper will havo to be printed and 'isKUccl probably bo- 
foro the Into-sl pbologrnpliB .ire taken and the Inlost trnflic eounl 
iTifldc. I’nrticidnrs or (ho latter will bo circulated it possible in 
ndvanc(! of the meeting on nn Addendum Slip and, if not, will 
be reported nt. the meeting. 

t Proceedings of the Innngtirnl Meeting of the Iiidinii Rond.q Ooii- 
gress, pages 48 to 60. 

* Note on Road Experiments in Sind by H.H. Parikli, l.S.E., 
M.I.E. (Indin), "Tndinn Ronds”, No, Xlll, June, 19^, paged, 
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(3) Portland cement concrete 4 inches thick, proportion 
1:3:6 Jassai stone. Rs. 6,800. Completed in November 

1937- 

(4) Portland Cement concrete 4 inches thick, proportion 

1:2:4 Jassai stone. Rs. 7,400. Completed in Novem- 
ber 1937. 

(5) Portland cement concrete 4 inches thick, proportion 

1:2:4 Khatliar stone (I^imestone). Rs. 7,300. Completed 
in November 1937. 

(6) Portland cement concrete 6 inches thick, proportion 

1:2:4 for top 2 inches, and 1:3:6 for bottom 4 inches 
Khathar stone (I/imestone). Rs. 9,200. Completed in 
November 1937. 

(7) Precast slabs 6 feet 2 inches by 2 feet by 6 inches 

thick, with 3 deep frogs or cavities. Portland 
cement concrete, proportion i:2j:4 Khatliar stone. 
Rs. 6,200. 

(A'ote):— The .Jassai stone has a French cocflicicnt of 30’1 
dry and 28'Gwet and the Khnthnr stone a coefficient of M'S 
di^' and 4 C wet, Tlie .Tassni stone is therefore far enperior. 

The condition of these in August 1940 was as follows :— 

(1) Not in good condition. Cracked though reinforced. 
Those having reinforcement at top only are better. 

(2) Wearing out. Pot-holes here and tlxere. 

(3) Wttle better than^ (2). 

(4) Good, some cross-cracks. 

(5) Good, some cross-cracks. 

(6) Very good, flawless. 

(7) Completely failed in 1938, 

The traffic according to the latest census taken in 1939 is as 
follows: — 


Normal _ 97-5 tons per 24 hours. 

Maximum — 166*4 tons per 24 hours. 

The relative failure of Nos. (2) and (3) can be attri- 
buted to the lean mix. The success of No, (6) using 
inferior stone compared with No. (i) using supposedly 
superior stone has not been explained by Mr, Parikh. 
The traffic is light and probably the inferior stone is 
adequate to the traffic. The excessive cracking of No. (i) 
.particularly since the doubly reinforced slabs were worse 
thaii the singly reinforced, suggests defects in construction 
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possibly owing to tliis having been the first section 
laid. ' 


(9) Trackways laid on (he Lyallpur-Jhang road in a length 
of one mile of the separate bullock cart track in a total 
length of five miles of dual carriageway for traffic segregation. 
This road which has recently been metalled connects the 
two district headquarters of Lyallimr and Jhang and also 
connects a very fertile and productive perennially irrigat- 
ed area with the important and busy grain and cotton 
market at Lyallpur. This is part of a main trunk road 
from I/ahore to I/yallpur, Jhang and beyond. The other 
approach to Lyallpur on this road is provided with a 
metalled and tarred surface a mile or two of which has 
been recently widened from 12 to 20 feet. The theory of 
dual carriageways is that in ultimate total cost it is cheaper 
to segregate than to widen because the cost of main- 
taining the separate widths of road, each adapted to its 
type of traffic, may be considerably less than the cost of 
maintaining tlie equivalent width in a single carriageway 
under mixed traffic. The disadvantage is, of course, 
tliat the fast traffic is left with only a 12-foot metalled 
road with earth berms which may be treacherous after 
rains, instead of the 20-foot road often quite clear of bullock 
carts. Against this, safety and the comfort of the cartmen 
which are obtained by segregation, are a great asset. Five 
miles of tlie Lyallpur-Jhang road have been given a dual 
carriageway but this Paper is concerned only with one 
mile of this in whidi the bullock cart road has been pro- 
vided in cement concrete trackways 6 inches thick. (The 
other miles are in g feet wide cement concrete 6"-4''-6" sec- 
tion and ordinary stone waterbound macadam without 
surface treatment). These trackways have been particularly 
well laid and should prove very durable. The main point 
for mention in this Paper is that every one, and particularly 
tlie cartmen, seem to be delighted with segregation and 
that the cartmen seem to be just as well satisfied with 
the trackways as with the concrete or macadam road, set 
aside for them. If trackways can be used for segregation 
there can be little doubt that the cost of maintenance of 
dual roads will be less than of widened dual purpose roads. 
The difficulty, however, is that gradual wideniiig by piece- 
meal provision of funds is the line of less resistance than 
the exijenditure of eight to ten thousand rupees per mile 
at one time to provide segregation. 

(10) Gohana-Sonepai road. All the experiments described 
above consist of a length of one mile or less, and while 
these lengths have given very encouraging results, they are 
hardly sufficient to demonstrate to the road user the 
benefits of the system. It was decided, therefore, to make 
one more experiment on a sufficiently large scale, con- 
necting one or two villages with some centre so as to 
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show that the whole road could, in practice, be maintained' 
in a condition adequate to ordinar}' rural needs. Before 
urging the extension of the system to other Provinces, 
it was dedded to make this last trial dual demonstration 
within reach of Delhi as being a centre from which a 
number of people could see it, and five miles of Gohaua- 
Sonepat road in the Rohtak District of the Punjab were 
selected. Gohana is a small town about 20 miles North' 
of Rohtak and is served both by a metalled road and 
railway. The Gohana-Sonepat road is an unmetalled ‘ Dis-'- 
trict Board road. The soil is good. 

(Ill The writer wishes to emphasise that, in these various 
experiments he has been concerned primarily to prove 
that trackways are readily used by bullock carts thereby 
relieving the earth road of the worst traffic and enabling 
it to be maintained in good order for other road users. 
He’ must confess to having been concerned to avoid com- 
plicating criticism of the system by risking structural 
failures, and has not as a rule attempted to introduce 
economies in construction. He believes that once the suit- 
ability of trackways to rural conditions has been demonstrat- 
ed, there will not be lacking every endeavour to reduce 
the cost of these. Previous experiments had show'n that, 
given reasonably good soil, plain 6-inch cement concrete 
trackways with ordinal butt joints, provided with a 
little arbitrarily determined negative reinforcement near 
the joints, is sound and safe. The main specification 
for the Gohana-Sonepat road was, therefore, as follows: 

{12) Two tracks each 2 feet wide, plain 6-inch cement 
concrete 1:2:4 with end negative reinforcement, two 
inches from the top, of four g-inch mild steel rounds, 
spaced 4 inches centre to centre in plan and running 
3 feet back from each joint in the first seven furlongs. In 
the remaining length, owing to rise in the price of steel these 
were reduced to two ^indh rounds 3 feet long spaced 6 
indies from the sides and stopping one inch short of the 
joint. The length of the slabs is 23 feet, plain butt joints, 
without sleepers or dowels, staggers. The slabs were laid 
in alternate bays without any space in three out of everj’ 
four joints between slabs save that provided by shrinkage, 
but every fourth joint, i, e. at every 100 feet, was laid 
with a precast bituminous joint filler g-inch thick. 
All joints and ade arrises were chamfered j; inch. The 
tracks were not laid on the centre line of the road but to the 
left-hand ^ side in the direction of traffic towards Gohana, 
thus leaving the maximum possible width of earth road 
for other traffic. The earth work was kept about i inch 
proud of the level of the trackways. 

(13) The available width of the road is not constant aud the 
edge not being always straight, the distance of the track- 
ways from the left-hand edge varies. A typical cross 
section, however, is given (Plate Illj. The above represents 
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tlie min specification. The work was completed about 
February ^940 and will, it is hoped, be seen by members of 
the Congress for themselves, 

(14) The following departure from the ■ standard specification 
was tried in relatively short lengths in a search for some- 
thing cheaper than a six inch solid slal). 

(15) Precast vibrated slabs. Certain experiments carried out by 
Mr. Kynnersley in Bombay and at Amraoli suggested 
^at the denser and better concrete obtainable by vibrat- 
ing would make it possible to use precast vibrated slabs 
having deep frogs on the underside, thus saving consider- 
able quantities of concrete. The design of these (Plate 
IV) includes an inter-locking joint. The amount of 
concrete in a slab 6 feet 2 inches long, is 3'i cubic feet, 
which, allowing for the extra density secured by vibration! 
probably corresponds to about 10 percent more concrete 
than the density obtained in the ordinary slabs. The 
latter, of course, contain 6 1/6 cubic feet for every 6 feet 2 
indies length of one track and saving in materials 
would, therefore, be considerable. Unfortunately, the 
precast slabs have proved a failure and, for ordinary 
practice, the causes of the failure appcuir to be unavoidable. 
The manufacture of these slabs requires a vibrating table 
and the oiily one obtainable was operated by an electric 
motor. The slabs, therefore, had to be made at Rohtak 20 
miles away from the work, where energy was available. 
Enough slabs were made for r.ooo running feet of complete 
track, but owing to the evident difliculties only C97 feet 
were laid, the , remaining slabs being partly used up in 
replacing breakages and in "tlirow outs" from the track- 
ways where .sulxsidiniy roads join the main road. SLx feet 
a-indics was assumed to be the greatest length which 
could convenienth'^ be handled. Each of these slabs of 
this Icnglli weighs appioxitnalely 500 pounds, and they 
proved to be diflicult to handle, and a number of break- 
ages occurred before they reached the site. 

(16) A greater difliculty, however, was the jjroper filling of 
the frogs to prevent cjivitation. In order tliat the finished 
trackways shall be truly level, the sub-grade upon ryhich 
the .slabs arc to 1?e laid ]ia.s to be carefully finished 
and consolidated at optimum moisture content to proper 
line and level. It was felt to be inujossible, without great 
risk of unequal settlement to lay these on loose earth or 
cusliion of a sand so that the concrete edges .should bile 
into the cushion and ensure the tight packing of the frogs 
and full support of the thin concrete in the panels. 
Altcmpls were made, therefore, to make a sand-cla)' mix as 
dense as possible and to pack this into the frogs slightly 
"proud" of the concrete sides to provide against subsequent 
cavitation on drying. The slabs were then careful!}’' turned 
over into the trenches without dislodging the earth 
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“plugs" and had to be slid along a few inches to engage 
the interlocking joints. Whether the construction of the 
vibrated slab was defective, or whether, despite the extreme 
care taken in laying, cavitation occurred, is uncertain. 
But failures began immediately traffic came on to the track- 
ways and eventuallythese slabs were all taken up, the frogs 
filled with lean cement concrete, and relaid in place. In all 
this kind of work, joints are a source of weakness and 
the necessity of keeping the length of the slabs down to 6 
feet, thereby multiplying the number of joints, would 
possibly be a source of subsequent trouble even if the other 
difficulties of laying frogged slabs could be overcome. It 
will be noticed also that, with the interlocking joint, if a 
slab fails, it has to be cut out, but there is no means of 
inserting in its place a slab of the same length. It was 
estimated that, if this method had been successful, the cost 
of the actual concrete in the trackways would have been 
about Rs. 5,600/- per mile. The actual cost after providing 
for labour and the filling of the frogs with lean cement 
concrete worked out to about Rs. 8,650/- per mile. 

(17) The concrete slabs on kankar fotmdaHon, Reasonably 
good kankar is available in the locality and it was decided 
to experiment with slabs on a 6-inch layer of well-rammed 
kankar. Nearly four furlongs (2473 feet) were laid with 4 
inches of concrete, 1975 feet with 3 inches of concrete; 
and 575 feet with 2 inches of concrete. On inspection early 
in Jffiy it was noticed that the 2-inch slabs appeared to have 
ridden up slightly in the vicinity of the joints and^ to 
have separated from the kankar below. A more detailed 
examination was subsequently made with tlie following 
results : Practically all the 2-inch and many of the 3-inch 
slabs over kankar had risen at the ends to some extent 
owing to the scope for expansion provided by the joints 
being insufficient. (The spacing and arrangement of the 
joints was the same as in llie plain 6-inch slabs). These 
slabs had separated from the kankar sub-grade or carried 
part of it with tliem for a distance of 2 to 3 feet back 
from each joint, and corner and transverse cracks had 
appeared within 18 inches of the joints (vide Plate V). 
The theory was advanced that this failure was due 
to the curling of the slabs at the end under temperature 
effects and the subsequent failure of the curled up ends 
under traffic, but the more probable explanation appears 
to be that thin slabs being more liable to be heated right 
through are more susceptible to temperature. Further, 
the lack of adhesion between the smooth kankar (possibly 
covered in construction with the film of dirt) and the 
slab allowed movement which exceeded the scope of the 
joints and caused them to push up forming a crack at 
some distance back from the joints. In the Concrete 
Pavement Manual issued by the Portland Cement Associa- 
tion of Qiicago, tire following formula appears :- 
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‘‘‘If no intermediate cracks are to form, the distance 
between transverse joints is given by 


L= 


2b t S+fl-~*S 


2 


where Z,r= distance between joints in feet. 

5 = allowable tensile stress in concrete in pounds 
per square inch. 

a««area of reinforcing steel in square inches. 
i=widtli between longitudinal joints in feet. 

/ = coefficient of 'sub-grade friction. 

W <=> weight of concrete in pounds per cubic foot, 
thickness of pavement in inches, 
modulus of elasticity of concrete. 
i?,= modulus of elasticity of steel. 

jp 

Assume^«= 10, /«= 2, 5=30 (120 ultimate, with factor of 

safety of 4; a low value, is necessary because stresses begin 
while concrete is weak), TP'=i4o pounds per cubic foot, 
fl*=Zero, 6 -=2 feet (width of trackways). 

(18) This formula gives the following approximate spacing of 
joints for 2 feet vside slabs : 

2" tliick. — 5 feet. 

3" thick. — 8 feet. 

4" thick. — loifeet. 

6" thick. — 15^ feet. 

These spacings can be doubled if factor of safety is reduced to 2. The 
formula relates, of course, to the prevention of shrinkage cracks 
and not to the size of panels to prevent joint failure on expansion. By 
the time tlie Congress meets, there should be evidence proving or otherwise 
this formula in relation to contraction cracks. Obviously, liowever, the 
expansion movement of a slab is inversely proportional to the weight of 
the slab multiplied by the coefficient of friction, and tlie experience in 
this case merely emphasises the fact already stressed by Mr. Walker in his 
Paper last year that the thinner the slab the stronger must be the bond 
to the underlying material. Otherwise, tlie length of the slabs must be 
considerably reduced. A close inspection of the joints also suggested that 
they had not been , well and truly laid. The expansion joints appeared 
to be correct, but ah certain of the butt joints, the faces did not appear to 
be square transversely. It is always possible that, in alternate bay 
construction, the first butt end may be damaged and that there will be 

* “Evolution of the Thin Concrete Bond in the United Provinces" by W. F. 
Walker, M.C., I.S.E., .Superintending Engineer, United ProvincCB, Proceedings of the 
Sixth Annual Meeting of tlio Indian Itoiuis CongresB, pages 1 (a) to ill (n). 
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unequal consolidation of the new concrete against it. An obvious 
mistake was made in this respect with the 2-inch and 3-inch slabs in 
not indenting the surface of the kankar or taking other special steps to 
develop a strong bond. The damaged joints have now nearly all been cut 
back to the crack and short lengths of slabs have been laid in the gaps 
with precast expansion joints at either end. A few of the original joints 
are, however, being left untouched, at least until the visit of the Roads 
Congress. No defects of this nature appeared during the first hot weather 
in the 4-inch slabs laid over kankar, but certain American experiments 
suggest that concrete "grows’’ with age and that compression failures may 
occur in the future with the 4-inch slab. In this connection, it may be 
mentioned that there was a few years ago one "blow up’’ on the Badli 
Railway Station road which was at the time attributed to the packing of 
the joint with a hard consolidated mass of fine dust, gradually w'orked in, 
by the wheels of carts. When the "blow up" occurred the joint was 
cleaned out and the slab dropped back into position since when there has 
been, as far as the writer is aware, no repetition of this. Nor has it 
occurred on the Jaranwala-Sayadwala road. The bond rvith the lime 
concrete appears to have sufficed. 

(ig) The cost of the work on the Gohana-Sonepat road reduced 
to rupees per mile, was: — 


Earthwork 

Rs. 

628 

0 

0 

Precast slabs (double track) . . 

Rs. 

8659 

0 

0 

6-Inch slab 

Rs. 

10401 

0 

0 

4-Inch slabs on kankar 

Rs. 

8260 

0 

0 

3-Inch slabs on kankar 

Rs. 

6560 

0 

0 

2-Inch slabs on kankar 

Rs. 

4896 

0 

0 


Details are given in Appendix I.^ 

15. (i) It has already been explained that the writer does not 
claim that trackways are the ultimate development, but it 
is claimed that they appear to be the best solution as a 
first stage development of a large proportion of the unme- 
talled roads which are at present loaded beyond the capa- 
city of earth. Except in the case of a narrow village road’, 
traclcways should be regarded as a stage in development 
and be laid out accordingly. Certain suggestions of possible 
developments are illustrated on Plates VI to IX appended 
to this Paper, Figure i (Plate VI) shows the development 
of a village road which is not likely to be developed to a 
higher stage for many j-^ears. Despite the undoubted land- 
hunger and the obvious objections to acquiring land in 
areas of small holdings, the writer is convinced that it is 
most unwise to attempt to develop roads with inadequate 
width of land at the outset, and it will be seen that, in 
level country, a minimum width of 50 feet is proposed for 
village roads. This gives a formation width of 25 feet with 
the necessary flat side slopes and only 18 feet for borrow 
pits for future maintenance. In cases of absolute 
necessity, a lesser width is possible, but the writer is not 
prepared to advocate it. 

(2) In many parts of India, the district road has a land width 
of about 65 feet and Figure 2 (Plate VI) suggests the 
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lay-out of trackways on such a width. Pigure 3 (Plate VI) 
suggests the ultimate development of a road where a land 
width of 100 feet is available, starting with the segregation 
of bullock carts on trackways. A study of this section 
makes it clear that the siting of trackways, if they are to be 
used as a first stage development where adequate land 
width is available, needs careful consideration. Figures 4 
and 5 (Plate VII) '6,7 and 7('6^ (Plate VIII) and 8(a) 
and 8(6) (Plate IX) show ' how, with a land width of 150 
feet, a first class highway with complete segregation of traffic, 
and ultimate provision even for cycle tracks, can be 
developed, starting from the initial provision of trackways. 
These may be regarded as dreams for the future, but unless 
there is some plan of stage development from the outset, 
mistakes will be committed which will prove costly and 
obstructive in future. v 

16. Summary and covcUision. The greatest need, in the matter 
of roads, of the population at large is the improvement of rural communi- 
cations. The greatest obstacle to this improvement is lack of money, 
and tlie greatest need is to devise a scheme of development which will 
improve the road- rupee ratio. Provision for the maintenance of existing 
metalled roads is even now inadequate in many parts of India, and the 
cost of maintenance is likely to rise rather than to fall u ith the increase 
of traffic and other factors. A scheme of road development, which will 
add substantially to the existing recurring bill before adequate provision 
is made for existing metalled roads, appears to be out of the question. If 
trackways can be provided for Rs. 8,000 a mile or less, tliey will be no 
more expensive than a metalled road costing Rs. 5,000 per mile and 
Rs. 350/- per mile to maintain, and in many parts of India, a very poor 
metalled road could be provided for that money. Where orthodox 
metalled roads are more expensive, trackways show an increasing economy, 
and it is moreover to be hoped that members of the Congress, if they 
accept trackways in principle, will apply themselves successfully to the 
reduction of their cost. Trackways, if properly laid out, provide almost 
immediately for partial segregation of traffic and they can form the basis 
of the future development of all except the narrow village road. Even 
if the Congress Utopia of the conversion of all bullock carts to pneumatic 
tyres were to come into being, segregation would still be necessary and 
on heavily trafficked roads something better than earth w’ould be an 
advantage to tlie bullock cart. In tliat Utopia, trackways would be prac- 
tically everlasting. 

17. The writer must confess tliat the length of tliis Paper is some- 
what disproportionate to what is, after all,' a very simple device. He has, 
however, been impelled to set forth fully the history of trackways to date 
and the case for their acceptance by members of the Congress as a rational 
and very promising line of development for a large majority of our un- 
metalled roads. He trusts that the length of the Paper may be taken as 
the measure, in the writer’s opinion, of the strength of that case. 




•Paper D— 40 




o 

rt- 

o^ 


0 ^ 

XI 

B 

a 

a 

p 


N 

V 

5 

td 

S 

d 

00 

B 

ON 

H 

Vi 

a 

1 

Oi 

p 

B 

00 

H 

O 

»d 

0) 

•V* 

eu 

s 

ClJ. 

00 


I 



Total average weight in 24 hours excluding cars which travelled on service road is 257 tons and 73 tongas. 






























TrafSc census at Mile 8g F. 5 on Arterial Road No. 3 (metalled), in I,yallpur District. 

From 7 a.m. dated the 18-12-40 to 7 a.m. dated the 21-12-40. 

Nature of Road Surface : Tarred. Width of surfahe : 12 feet. Width of formation r 33 feet. 
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Total 567 tons + 130 Tongas per day. 
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CORRESPONDENCE, 

Comments by Mr. H. B. Parlkh (Sind). 

With regard to the author's remarks in the last sub-para of para- 
graph 14(8) of the paper, I agree with him that the relatively more 
wearing of Nos. (2) and (3) can be attributed to the lean mix. In the case 
of No. (6) as the stone used is as soft as sand used in the mortar, the surface 
wears uniformly and remains smooth. In the case of No. (i) however, 
as the stone used is much harder than sand used in the mortar, the 
surface wears unevenly and becomes rough. The cracks in No. i were 
due partly to possible defect in construction and partly to expansion 
and contraction. 

Comments by Mr. W. L. Murrell, O.B.B. (Bihar). 

To be very frank, my estimation of the Autlior is such that, if 
I heard that he and another had a difference of opinion about roads or 
anything to do with roads, my first impulse would be to say with 
emphasis, "The other person must be wrong." 

But now, in respect of this Paper, I find that I myself differ, and 
that fairly acutely i 

I would like to discuss the Paper first from the point of view of 
policy towards the steel tyre on which the Paper appears to be based, 
and then from the point of view of the purely technical. 

I was not quite sure, until I read the last paragraph in the Paper, 
as to the extent to which the Author recommends the adoption of cement 
concrete track-ways. It is seen that it is for the large majority of our 
unmetalled roads, that is to say motorablc earthen roads and other low 
type surfaces sudi as moorum, gravel, and sand-clay roads, the total of 
which in British India is some 75,810 miles, vide "Indian Roads" for 
June 1938. 

The Paper, para 2, states that it would be financially impossible 
to subsidise conversion of the bullock cart to pneumatic tyres. What 
about 75,800 miles of road at Rs. 9,000/- per mile ? 

And then, even if the existing lower-type roads could be provided 
with trackways, what about the remaining 73,000 miles of other roads 
in Britisli India ? Are these to continue to be at the mercy of the 
steel tyre ? 

Most of these higher types of road suffer severe damage from the 
steel tyre, and many engineers would hold that, if we could fit reasonable 
tyres to the bullock carts, not necessarily pneumatic tyres, we would 
save Rs. 200/- per mile annually on the higher types. This luxury, 
the steel tyre, on the higher-type roads remaining without concrete track- 
ways would still be costing British India about 1.5 crores of rupees 
a year. 

If we forget about trackways for the moment, and assume that 
the substitution of a village-made wooden or other tyre for the steel 
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tjTC would pave on average of onl5' Rs. 100/- per mile per annum on all 
die roadp in British India, the total saving — or prevention of waste, would 
be about rupees two crores annually, mid a widespread village industry 
would be greatly stiniulatcd. 

In any case, trackways or no trackw.ays, think of the improvements 
we could nlTect with an additional crorc or two per annum I 

Point 3 is that the Author appears to have abandoned hope of an 
improved village-made wheel. Has any really serious effort been made 
to improve the bullock cart wheel in the last 5000 yeans, except, of 
course, the rather unfortunately successful one of giving it a steel tyre ? 

For how long is this policy of complacency and appeasement and 
refusal to face stern reality to be allowed to continue ? The steel tyre is 
the Dictator. Is it necessary to quote the example of Europe— how 
refusal for years past to recognise the real situation has made the final 
show-down and reckoning more and more expensive ? 

Any person who tries to make a regular business of carrying messages, 
is acting illegally. Ho is going contra to tlie interests of a Central Govern- 
ment Department. If such practices were allowed, the public would have 
to pay more for their stamps. 

But any private person can make the public pay more for its roads 
if, in order to personally gain something (savings in tyre maintenance) lie 
dccidc,s to fit steel tyres instead of wooden ones to his cart. 

The Central Government can do nothing because roads arc a 
provincial subject. The reality of the matter is that this talk of "subjects” 
is bunkum. Roads are neither a Central nor a Local Government, nor a 
Local Self Government matter. They are a nalional concern and, in all 
matters of basic importance, the National Government should control. 

Is it not the complacent tolerance of constitutional absurdities or Uie 
repeated failure to rectify important administrative defects that provide 
ground from which dictators spring, and from which potential Quislings 
draw their whcrewitliall 'i 

"If you have rats eating your grain in a mill, you do not trj' simply 
to produce more grain than the rats can eat. You try to kill llie rats". 

With every bit of Uie respect due, I suggest that Jlr. ^litclicll’s reply 
to the problem is to make the mill proof against rats, 

Tliese rats can be killed in such a way that the nuisance will never 
recur, and I maintain that, even if India has to go to the British Parliament 
to give the Central Government power to make steel tyres illegal, thus 
killing the rats either in one fell swoop or over a limited period, India 
should do it. 

The above is, of course, purely a personal view, and it would not 
have been expressed if there had not been such overwhelming evidence 
in the last twelve months or so that the British public are ready to scrap 
any sort of convention that goes against the national interest. 
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Before proceeding to the purely technical it is remembered that 
"Who’s Who. in Hades" gives Sisyphus as the name of the poor soul who 
was condemned for ever to roll a great, heavy, ball of stone to the top on 
incline and then to watch it roll down, before he pushed it up yet again. 

MUS'T every one of us be a Sisyphus condemned, for the rest 
of our service, to keep on rolling the heavy load of road maintenance 
annually and uselessly up the steel tyre incline ? 

The readers of the Paper will have observed that the whole scheme 
of trackways depends on the correctness of the assumed figures Rs. 560/- 
and Rs. 150/-, given in Table I. 

I regret very much that I cannot accept these figures. 

"Equated payments Rs. 560/- per annum" is based on a presumed 
life of 20 years and this, from discussions in Delhi in January last, is 
believed to be based cliiefly on the behaviour, up to date, of the cement 
concrete surface of the Grand Trunk Road near Benares. 

I submit that the comparison is not justifiable. 

In tlie first place, two main factors make the foundation conditions 
quite different in the two cases. 

Loading Conditions : — 

Impact effects will be greater in the case of the trackway owing to its 
weight being much less than that of continuous, broad, concrete pavement. 

Also, owing to the lateral continuity of the broad concrete pavement, 
the intensity of foundation pressure due to a given wheel load will be 
much greater in the case of the trackways. In the case of trackways, this 
pressure will be very high near the ends of each component slab or length 
of trackway, owing to longitudinal discontinuity at the expansion joints. 

Foundation Conditions : — 

The continuous, broad, pavement slab keeps its foundations dry. But 
water can easily reach the foundations of the trackways. The dishing of 
the road surface described on page 56 must, in the monsoon, lead to very 
wet foundation conditions. 

As I will now attempt to show, it is the necessarily shallow depth of 
the slab, only 6 to 9 inches, that makes it unable to cope with the two 
above-mentioned conditions. 

Lfit us consider what would be the fairly common case of a 0.5 feet 
thick trackway with butt joints, on clayey soil, in the monsoon, with 
material weighing 100 pounds per cubic.foot between the tracks. 

The allowable total pressure P on the foundation is given in 
Rankine's formula as 

0-5 = -2, / j-sin 

too \i+sin 

where </, is the angle of repose of the foundation soil. 

Many engineers hold that ^ for wet clay is Nil, but let us assume 
it to be about 15®. 
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( I •“ sill rf \ ^ 

■ ) becojHcs 0.24, and p is onh- 210 pounds 

i+sin ./,/ ^ I . 1 

per square foot wliicb is to cover the weight of the slab, the live load, and 

impact. 

Now let us assume most favourable conditions. 

According to Uankinc's formula, the foundation of the thickest slab 
(9 inches) in soil of high angle of repose, 40°, should be given a loading of 
only 1500 pounds per square foot including the weight of the trackway, 
the live load, and impact. 

It would, tlicrcforc, seem that we should expect all but heavily 
reiuforced concrete slabs to crack, first near their ends, and tlicn nearer 
and nearer towards the centre of the length of each individual slab. 

Another reMson why the life of the trackway cannot be 20 years or 
the equated payment Ks 560/-, is that the wheels will track over a width 
of only XK2 feet, instead of over a width equal to the full width of 
an ordinary concrete pavement, and therefore the rate of wear would be 
greatly increased. That the trackways described in the Paper do not 
show more wear is doubtless due to the comparatively light bullock cart 
traffic which they arc being subjected to. 

Purtherniore, humidity and temperature variations must cause 
warping of the trackway, especially where the cement concrete is thin as 
shown on plate i. 

Tlic concrete strip will rise towards its centre owing to rain out of 
season, or owing to the morning sun. It will curl up at the ends witli a 
break in the rains, or in the cool of the summer's evening. And the 
bullock cart wheel, in either case, will catch it bending. 

Tliere seems to be no hope at all of cheapening the cost of trackways 
as suggested in (ii) on page 60 of the Paper. 

As regards the figure of Rs. 150 - for the maintenauce of trackwavs 
given ill Table I on page 52, I regret that I cannot believe tliat tin's amouiit 
would cover tlie cost of joint and crack repairs under reasonably heavy 
stecl-tt'red cart traffic, to say nothing of the nmintenance per mile of the 
road for other-than cart traffic. 

This completes my attempt to show that the figures Rs. 5G0.- and 
Rs. 150/- arc much under-estimated and, therefore, the trackways 
programme even for the numetalled part of the road system is not sound. 

One result of the high original cost of cement trackwav.-; would be 
that, once laid down, the trackway would largely dictate ns to anv future 
re-modelling of the road. 

This would not matter much if land and property acquisition wore 
not so expensive. But they are expensive and must be avoided and 
therefore, there would be great responsibility and difficulty in deciding for 
any particular road, where to place the trackway. 

Plates VI to IX are all right; but we must not forget the fact that 
trackws^'s are proposed first for tOie existing 75,800 miles of iinmetalled 
road. Not much of this will develop into arterial milage. 
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I claim to be'as progressive as most people where roads are concerned 
but, all things considered. I cannot accept the concrete trackway as the 
solution of the problem for even the greater portion of the 75,800 miles of 
uumetalled roads in our minor roads triangular. 

As shown in my remarks * on Paper No, H-40 "The use of soil stabi- 
lisation in the metalled and uumetalled roads in India II” I have advocat- 
ed the adoption, for our minor triangulation, of a low-cost section costing 
about Rs. 3100 capable of easy improvement to one costing about Rs. 7200 
per mile, the steel to be replaced by non-cutting non-bruising tyres. 

A cause for a little surprise and disappointment is that the Delhi 
discussions did not bring out more about water-bound macadam for cart 
traffic. 

On the Clias-Gulbera Road in Chota Nagpur, there used to be a 
water-bound macadam trackway for all traffic. It consisted of 30 x 6 inch 
water-bound macadam of vein quartz on well drained, stable, earth found- 
ations W'ith a depth of an inch or so of mooram gravel between the tracks 
and outside them. The steel tyred bullock cart traffic was moderate, but 
it was because of the increasing motor traffic, and not because of the cart 
traffic, that the road had to be metalled to a width of 9 feet, and surface 
treated. 

I believe tliat there are two w'ays in which trackways can be utilised 
in our road system. 

1. Creleways— In cities and In the region of big mills, brick fields, 
and railway stations etc., or on arterial or inter*district roads where it is 
necessary to protect the main road surface, or to segregate foot and slow 
traffic, or to do both. 

But sucli trackways would have to be more heavily constructed and 
might even tend towards a slab-cura-trackway section. 

2. - Waierbound trackways — On the berm of or in conjunction with 
soil stabilised pavements. 

I would like to express great appreciation of the Paper, and I 
think we should be grateful also that the Author look tlie opportunity 
(para 9) to state some very sound general principles to be followed 
in road design. 

Author’s reply to the above comments. 

The Paper was . intended to be somewhat provocative and to 
challenge "discussion and criticism. It was a challenge at once to the 
lack of any original developments in the realm of rural road improvement 
and to those who regard Uie existing conditions with "pathetic con- 
tentment”, It is true that- in paragraph 2 of the Paper a reference 
was made to the 50,000 miles of earth road in India already loaded 
beyond capacity. But, in offering trackways as one of the solutions, 
the author did not feel that he was taking any very grave risk of there 
being a spate of trackway construction of that magnitude if that system 
were found on further trial to be radically unsound. In the time which, 
even in the mind of the greatest optimist, must necessarily elapse oetore 


* Vide page 166b, 
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a substantial part of the 50,000 miles can be improved, it is a reasonable 
assumption that better methods, if they exist, adapted to local conditions — 
and there is unlikely to be any universal remedy— wilt surely be evolved. 
The author is, therefore, unrepentant for having "trailed his coat". In 
doing so, he expected it to be trodden on here and there. The Paper 
is fortunate in having attracted the search-light of Jlr. Murrell’s entlm- 
siasm — but the author is somewhat surprised at having drawn, also, 
the fire of accusation of being in some relationship witli Sisyphus 
(although it is Mr. Murrell wlio is rolling a great heavy wheel). Quisling 
and the foolish miller. 

2. But, ^ ^tjt tlie business in hand is to meet Mr. 
Murrell’s criticisms as best as may be. They can be considered under 
the following heads : — 

(r) The Paper advocates a type of construction that would be 
uunccessary if the steel tyres were abolished: and that the 
author would have been better employed in an attack on 
that tyre. 

(2) The author considers any wholesale scheme of conversion of 
carts to pneumatic tyres to be financially impossible, but puts 
forward a proposal that involves equally astronomical expendi- 
ture, while leaving untoudicd the damage done to hard- 
surfaced roads by steel tyres. 

(3) That for certain technical reasons, which Mr. Murrell sets out, 
the figures of Rs. 560/- per mile per year for equated payments 
of first cost and Rs. 150/- per year for maintenance, are 
fallacious ; and that, therefore, cement concrete trackways are 
a snare and delusion. Moreover, the cost of trackways cannot 
be reduced. 

(4) That trackwa3’s will hamper future development of the road 
for all classes of traffic (c./. the "all-on" school), and that the 
future developments sketched in the Paper are visionarj', since 
few of the roads to be developed bj’ tradcwa5'S can be expected 
to emerge, with the passage of time, ns main highway’s. 

3. The author would open his reply to the first line of criticism 
by stating as his opinion that w’hile, with wide-spread conversion to 
pneumatic tyres, it would probably be found to be possible to maintain 
earth roads in good order at least under light {250-500 tons) bullock cart 
traffic, it would not, in the average alluvial soil, be possible to do so 
satisfactorily, if the only wheel-improvement possible is the substitution 
of a wide-wooden felloe for the steel tyre. This opinion is based on obser- 
vations over many years in areas where the steel tyre is little used. Such a 
substitution w'ould probably greatly* improve the road for the bullock cart, 
but would not prevent the cutting of the w'hole formation width into 
relatively shallow but dusty or boggy nits, that would impede or prevent 
the provision of a reasonable road for other-traffic, 'riie abolition of the 
steel tyre would save immense suras on the maintenance of hard-surfaced 
roads. It would also extend the scope of lower first-cost improvement of 
rural roads, but it would not by itself solve the latter problem. Jloreover, 
the Paper does not purport to be encyclopedic. It is not a pessimistic 


( “After compliments” ) 
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surrender to the steel tyre, and even if Mr. Murrell’s hypothesis is correct 
(that cement concrete trackways would not be necessary if the steel 
tyre would be abolished) it would, in the author’s opinion, be wrong to 
neglect possible cures merely because, in time, the disease may be 
prevented or at least rendered less severe. With the disappearance of 
the steel tyre, the cement concrete trackways, properly maintained, might 
be even more economical in relation to alternatives than is at present 
claimed, since surface wear would tlien be negligible. 

4. (i) The question of cost of subsidised conversion of carts to 
pneumatic tyres is one regarding which there is still, un- 
fortunately, inadequate statistical information. But the use 
of bullock carts on public roads may be roughly considered 
under three heads : — 

(a) by the professional cartman regularly using the road more 

or less throughout the year ; 

(b) by the agriculturalist who, when not employed in ploughing 
and harvesting, ekes out a livelihood by carting work. 
The extent of this type of use depends on local conditions, 
e.g. in grass land, where fodder, away from home, is cheap, 
it may be extensive, but in heavily cultirmted areas 
where cultivated fodder has to be bought, this traffic is 
much less ; and 

(c) by the agriculturalist who only comes on to the public 

road to market his crop or to take his family for an 
outing. 

(2) It is not possible at present to draw any quantitative 
distinction between these classes or to determine to what extent 
any practical distinction can be drawn. The subsidy theory 
rests on the basis that conversion will be of economic benefit to 
the owner of the cart, because the improved^ wheels and 
axles will enable him to carry a heavier load with the same 
bullock-power. That is undoubtedly correct in the case of 
the whole-time professional cartman. In the case of the third 
category, i.e the agriculturalist, who only rarel}' uses his cart 
on a public road, tliis consideration does not hold. Moreover, 
with the cart idle for much of the year and exposed to weather, 
the tyres would probably perish and the wheels and bearings 
rust. If, after three years, the subsidised wheels and tyres were 
useless what would happen then ? 

Therefore, except in the case of the cart in constant use, the subsidy 
would have to be heavy, and the results of offering such subsidies on a 
large scale cannot at present be estimated. In proposing expenditure on 
trackways, there is at least the certainly of tangible improvement. The 
author is as anxious as anyone to see a conversion of carts to pneumatic 
tyres where it is economically justified, but he is equally anxious not to 
delude himself with false hopes that, with that in prospect, he need 
not do anything about the roads. 

5. (l) The third criticism is probably the most serious, but is not 
unanswerable. It is that, since a life of 20 years cannot be safely 
assumed, and the trackways cannot, in Mr. Murrell s opinion. 
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be maintained for Rs, 150/- per mile, the total cost of Rs. 750/- 
per annum is a mere optimistic estimate. 

(2) Mr. Murrell starts by saying that the claim of a 20 year life is 

based on the incorrect analogy of the concrete surface of the 
Grand Trunk road near Benares. It is true that the analogy 
was drawn, but the autlior places greater reliance on actual 
experiments in which the theoretical failure of the sub-grade, 
pointed out by Mr. Murrell, should have had time to develop. 
The Jaranwala-Sayadwala road trackways have been under 
trafiic for nearly 7 years. There are cracks, as there arc in most 
concrete surfaces, but thc3' do not do any more harm than 
cracks in a concrete road. 

(3) In his remarks on “foundation conditions", Mr. Murrell 
appears to throw to the winds the whole theorj' and hopes of 
soil stabilisation, because, if, given properly stabilised sub-grade 
under the tracks, and proper attention in lay-out and 
maintenance to drainage, the bearing power of the stabilised 
sub-grade, six inches below the surface of the road, is still, under 
the most favourable conditions, only 1500 pounds per square foot, 
what is to become, at the surface and below, of Mr. Murrell’s 
low-cost section at Rs. 3,100, per mile rising to Rs. 7,200 with 
wheel loads not likely to be less than 500 pounds per in^ width 
of tyre ? Incidentally, at a first cost of Rs. 7,200/- per mile 
“equated payments" ns taken in the Paper would amount to 
Rs. 504/- per j'ear. Adding Rs. 250/- for maintenance— not an 
extravagant guess— the total would be Rs, 754/- per j’ear, or 
more than the author claims for trackwaj’s. Mr. Murrell’s 
scheme may be sounder of the two, but his figures would be no 
less astronomical. 

(4) But to revert to foundation conditions, and assuming an 
effective length of track of 3 feet, we liave the apparently 
paradoxical proposition that a load that cannot be carried, if 
distributed over an area of six ' square feet by a rigid slab of 
concrete, can be carried by some lightly .«tabiliscd and plastic 
crust of probably no greater depth. 

(5) But the bearing power of well stabilised soil under trackwaj's, 
provided that it can be protected from saturation in the 
monsoon, has been proved to be remarkable. In drj’ weather 
ordinary dry brick-on-edge trackwaj’s laid near Delhi, in the 
cold weather of 1940-41, have stood up to traffic, fn motor 
vehicles only, of 1600 tons per day for 150 days with no 
apparent damage or break-down of the sub grade. 
No speed restriction was imposed nor did the traffic by 
itself slow up particularly at the trackwaj's. The traffic 
included a fair proportion of lorries loaded to a total weight 
of 8 tons of which probably 5 tons was on the back axle 
which was equipped with four 30x6 tj’res. Whatever 
allowance is made for impact and for the distribution of 
load by the tyres, the intensity of load on individual in- 
dependrat bricks in the paving must obviously have been 
manj' times that on the sub-grade under a cement concrete 
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trackway carrying bullock carts only. The author finds 
it difficult to believe that, even in the monsoon, the bearing 
capacity of a well consolidated sub-grade, six inches below 
formation level, would be as feeble as the Rankine-Murrell 
, theory suggests. 

(6) Mr. Murrell gives us another reason why a 20-year life cannot be 
expected, — the fact that the traffic will be concentrated tracking. 

. That is a possibility, but the author recommends that the earth 
road should be maintained at a level slightly above the tracks so 
that they are normally covered with a light cushion of earth. 
Admittedly this complicates the question of drainage, but that 
difficulty should not be unsuperable. In any event this is one 
of the things that the experiments set out to prove. 

(7I As regards temperature curling, which occurs with every form 
of concrete road, the author sees no reason to suppose that the 
effects will be more serious with trackways under bullock cart 
loads than wi^ pavements under five-ton axle loads with high 
speeds and resulting impact. 

(8j The author is prepared to abide by the results of actual trials to 
answer these queries. He hopes that someone will find a way of 
reducing the first cost of trackways, but he cannot accept 
Mr. Murrell’s conclusion tliat the reason why those so far laid 
have stood is because of the “light” bullock cart traffic to 
which they haye been subjected. The traffic on the Jaranwala- 
Sayadwala road is “light” — 260 tons — but the individual 
carts are probably as heavy as are to be found anywhere in 
India. The road serves a fertile and perennially irrigated area, 
and is thus, it is claimed, a fair test. Its condition beyond 
the end of the trackways is thoroughly bad, and the test is 
typical of the type of road for which trackways are advocated. 

. Moreover, while one must hesitate to accuse Mr. Murrell of 
loose thinking, it appears that he has not fully considered the 
actual traffic density on rural roads. Statistics are notoriously 
defective and incomplete, but it is well to remember that, where 
they have been collected, in a Paper read before the Indian 
Roads Congress in 1935, Colonel Haig showed that out of a 
total length of 3191 miles of metalled road maintained by the 
United Provinces Public Works Department, the intensity of 
’traffic on 1827 miles, or 57 per cent of the milage, was less than 
500 tons per day.* This in a densely populated Province where 
also it is not unreasonable to assume that the Public Works 
Department metalled roads are on the whole those carrying the 
heaviest traffic. It can, in the absence of statistics, be reason- 
ably assumed, therefore, that a very high proportion of the 
50,000 miles of uninetalled road throughout India, referred to in 
the Paper, carry only light traffic, i. e. less than 500 tons per 
day. Probably much of this 50,000 miles has only "very light" 
traffic, i. e. 200 tons and under, but even this is too much for the 
ordinary dirt road. This criticism does not seem to be apposite. 
It is the light traffic road that we are considering. 

* ‘‘Traffic Census and Road Diagrams”, by Lt. Col. W. de H. Haig, D. S. O., 
Proceedings of Iho Indian Roads Congress, Volume II, page -10. 
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6. There remains the criticism that, once they are laid, trackways 
will largely dictate future remodelling of the road. That is so, but the 
remedy is not to embark upon stage development without some plan of 
what the next stage is to be. It is not quite clear what Mr. Murrell means 
by his reference to the cost of land and property. Trackways are not 
intended for built up areas. Elsewhere in relation to the cost of road 
improvement, land is relatively not expensive. No road planner should 
accept an inadequate land width as the determining factor in development 
merely because the first cost of the land alone may be an important consi- 
deration. It will be far more so later. In any event, the author of the 
Paper is a "segregationist”, if only from the point of view of public safety 
and. convenience. Trackways, incidentally, and adventitiously may be the 
first stage of segregation in a previously undeveloped road. They also 
offer a possible means of segregation on other roads. That the ideal may 
be difficult and long of attainment, and that wide "all-on” roads 
continue to be developed from the 12-foot metalled surface, when 
segregation would be safer, more convenient and often less costly, do not 
affect the principle. If Plates VI to IX are "all right”, they can be worked 
to from what actually exists. 

7. Mr. Murrell has successfully drawn the author into a long reply. 
The questions raised are of great interest and importance. If anyone can 
produce a more economical, convenient, and district-board maintenance 
finance proof solution for rural road development, the author will be the 
first to acclaim it. In the meantime, he is unrepentant and believes that 
trackways are sufficiently promising to warrant extended trials. 
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THE STEEE TYRE PROBLEM UNFOEDS 
By 

W. E. Murreli,, B.C.E.(Melb.), A.M.Inst.C.E., 
Superintending Engineer, North Bihar Circle. 


FOFEWORD 

In writing (his Pntier nii attempt has been made at condensing it on the lines 
suggested by Ulr. Churchill for use. when submitting Icngthly reports, vide (1) below. 
Stixtcnicnls of fact, quotations, cic. nrc set ont in the appendix or notes below, each 
under a numeral in parenthesis. 

The idea is to first, read the Paper and the ni>pcndcd notes sitntillnncounly ns 
they occur nnd then, perhaps, peruse the Paper without the notes in order to have the 
Paper in perepcelire. 


It will be remembered that, in a Paper read before our last meeting, 
it was pointed out that road development and improvement in India are 
practicallj' stagnant, and that one of tlte greatest causes of this stagnation 
is the steel tyre of the ordinary cart. 

It will also be remembered that the Congress jiassed unanimously a 
resolution (2) to the Government of India that a Committee be appointed 
to go into the matter. 

Our request was that the desired Committee should investigate or 
unfold the problem, and then make recommendations to the Oovcmnient 
of India. 

The Committee has not been and, I understand, is not likely to be 
appointed. It is, tlierefore, the aim of this Paper to unfold this problem 
in the hope that tlie Indian Roads Congress itself will make recommenda- 
tions or take some action. Only thus, it seems, can we hope to avoid still 
further stagnation. 

» 

Correspondence and personal contact with those interested in the 
manufacture of both the ordinary steel-tyred and the pneumatic-tyred 
wheel show that a solution of the problem of India’s low-cost road surface 
(3) is not beyonfl our grasp. 

The possibilities appear to be: — 

(a) For the commercial or professional bullock cart (4) : — 

j (i) Existing pneumatic tyre equipment, with mass produced 
axle and roller-bearing wheels. 
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(w) Existing bullock carts with ''compromise" tyres, vide plan 
attached. 

(m) Existing pneumatic tyres on special rims on village-made 
axles and bushed hubs i.e. "composite” wheels. 

(6) For the agriculturist cart (5) : — 

(z) Existing wooden tyres. 

{it) "Compromise" tyres. 

Governments should proclaim as soon as possible that after (say) 
5 years, steel would not be allowed unless the tyre widtli were 
4 inches minimum, on an approved type of wheel, and then only for agri- 
culturists. 

Pneumatic Tyre Equipment 

The main difliculties in the way of universal adoption of pneumatic 
tyre equipment with mass-produced axles and roller-bearings are set out 
below : — 

Price : — The average owner-driver cannot afford the initial cost, 
which includes the cost of both manufacture and distribution. 

As regards the cost of manufacture, the producers claim that thej' 
are producing pneumatic cart tyres at the very lowest possible price, simply 
because they believe that the widespread use of such tyres will make possi- 
ble a great mileage of low-cost roads, thus increasing motor traffic gene- 
rally, and so increasing the general demand of the general public for pneu- 
matic tyres. They are understood to openly invite scrutiny of their costs 
and prices even by those who are the keenest opponents of the pneu- 
matic cart tyre, in order to prove that they are sincere in this 
daim. 

The producers also point out that, if only the demand for pneumatic 
tyres were greater, they could furthra reduce the cost by adopting large- 
scale production methods. This claim is understandable, and further price 
reduction would be possible if a large number of Governments were to 
follow the lead of the Government of Sind which subsidises the users of 
pneumatic tyres as part of their definite continuous policy towards the 
future realisation of the low-cost road. 

Already some Governments are trying to subsidise pneumatic-tyred 
carts by offering them increased cartage rates when carrying Government 
material, say four annas extra per mile for lead on road metal. The 
Quantities of materials to be shifted by each contractor are so small, 
however, that it does not pay contractors to invest in pneumatic-tyred 
carts. 


Governments could subsidise through Government-controlled Co-opera- 
tive Societies, and Cane and other Societies might be induced to make a 
speciality of advancing money to individuals for the purchase of pneuma- 
tic tyres. Such Societies have already the requisite -machinery for 
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providing finance to small owners, or for the re-possession of pneumatic 
equipment in cases of Toan-honajide borrowers. 

Another means of subsidising pneumatic equipment carts, which has 
a special feature, occurs to me. 

Once a boy has learned to ride a bicycle, he finds that cycling is a 
better way of getting along than walking or running, and he dreams of 
possessing and will strive his utmost to possess, a bicycle. The same ambi- 
tion to possess is re-born when the cycling youth learns to ride a motor-cycle 
and, later, when he can drive a car. * 

The theory, then, is to give as many professional carters as possible a 
good taste of the comparative physical luxury of driving a pneumatically- 
equipped cart — to say nothing of the satisfaction of having a heavier purse 
at the end of the day’s work. 

To this end it is suggested tliat Provincial Governments instruct each 
roads division to purchase three pneumatically-equipped carts, and to hire 
them out to any who appear to be professional cartnien. Each cart would 
carry a prominent tablet "Public Hire Cart” "May be hired by any pro- 
fessional carter for a period not exceeding one month in any year 
at tlie rate of four annas per day.” The inscription to be in the 
vernacular. 

In divisions where there are hill roads these “Public hire carts" 
might be made "de luxe” by the addition of standard braking equip- 
ment. 


Another factor influencing the cost to the cartman is the cost of 
distribution. In order to save for the carter the profit of “middle-men” 
and the commission of touts, Governments might consider instructing 
certain local officers, such as Civil or Public Works subdivisional officers, 
to supply pneumatic equipment for cost received, without charging depart- 
mental supervision charges, the transaction being shown in the ordinary 
register of deposits and cash book. 

Where distribution is not on a cash but on a credit basis, the local 
bodies or societies above referred to could distribute without making de- 
partmental charges. 

It will thus be seen that provincial governments might do a great deal 
to minimise and control prices witliout themselves incurring any extra ad- 
ministrative expense. 

Mainleuaitce : — Fear of trouble with punctures causes hesitation in 
adopting pneumatic tyrds. 

Owing to the low speed and pressure, the repair process need be no 
more complicated than the ordinary cold one, with solution, as used by the 
ordinarj^ c}'clist. There is a cyclist in every village, and doubtless many 
wheel-wrights keep cycles and do tlieir own repairs. 



70 


Paper E~-40 


Air supply would be bothersome in the case of total deflation ; but 
it is understood that, because they are keen on the widespread development 
of the low-cost road, all the important petrol companies of India are agree- 
able to get those of their pumps which have free-air facilities, to supply 
free air also to pneumatic-tyred carts. 

Prejudice based on ■politics, or on lack of technical knowledge (6 ): — 
This is apparently a very widespread and quite a formidable obsta- 
cle to the universal adoption of the pneumatic tyre even by commercial 
cartmen. 

As regards the allegation that the traditional occupation of the village 
wheel-wright will be wiped out, there appear to be at least two lines of 
action. 

First, the building of bodies for ftdl pneumatic-tyred equipment 
sho^d be left to the village carpenters, the suppliers of the pneumatic 
' equipmmt contenting themselves with issuing detailed plans, instructions 
in Hindi and Urdu, and even patterns, for the construction of cart bodies 
or for converting existing bodies to pneumatic equipment. 

Second, the pneumatic tyre producers should produce a special 
cleated rim to enable pneumatic tj’re to be fastened to village-made hubs 
and axles. 

Note ; — It would be helpful if the inscription on the walls of the tyre 
were to show particulars in Urdu and Hindi, including the fact that the 
tyre was made in India by Indians. 

As regards the two alternative types of tyre proposed for the com- 
mercial cart, it was Mr. Campbell Gray ( 7 ) who suggested fitting a solid 
rubber tyre on the ordinary village-made cart wheel in lieu of the steel 
tyre, and Mr. Lakshminarayana Rao, who suggested to me that I communi- 
cate with the Director of Transport of the Travancore State, who had 
considered this matter of solid tyres. 

Correspondence with the Director of Transport, Travancore State, 
however, shows that, owing to the large amount of nibber required for 
treading a normal four-and-a-half foot diameter village cart wheel, the 
cost would .compare unfavourably with that of the present pneumatic ’cart- 
tyre. 


As certain Bihar District Boards were to hold exhibitions of improved 
methods of agriculture, I oflfered small prizes for designs for substitutes 
for steel or solid rubber for the tyre of a village cart wheel. There has 
been no response to this yet ; but a design for a "compromise” tyre w'as 
received through the Director of Industries, Bihar. 


Ihis design and improvements, also an alternative design, are sug- 
psted m the attached sketches. So far, no "compromise” tyre has actual- 
ly been constructed. Perhaps the Indian Roads Congress could do 'some- 
thing about this, and about getting ft tested. 
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Then came the idea of having a pneumatic tyre on a special rim bolt- 
ed to tlie wooden felloe of the ordinary cart wheel, as was suggested by 
Mr. Campbell Gray for a solid rubber tj're. 

This was discussed with the manufacturers of pneumatic tyres who 
received the idea enthusiastically, but pointed out that it was impossible, 
with i^resent methods, to construct a t3’re of diameter comparable with 
that of a village cart-wheel, yet witli the necessary economical sectional 
width of 3 or 4 inches. The construction of such a ts're would need expen- 
sive research and new plant. 

And so it boils down to this : — 

If we are to retain the advantage of the easy-pulling large-diameter 
wheel, we must adopt the “compromise" tyre. The "Gumming" wheel is 
a large diameter wheel with a steel tyre about 4 inches wide, but it 
would damage many tyijes of low-cost road and, therefore cannot be 
accepted. 

This brings us to the third alternative for the commercial cart, which 
might be called the “composite wheel." 

The principle here is to encourage the use of the ordinary axle and 
the village-made hub by selling the ordinary pneumatic cart tyre complete 
with a special rim and cleats a few inches long by which the rim can be 
fixed to tlie hub by the village wheel-wright. 

No sketch is made of the proposed arrangement as the manufacturers 
will be the best authority to make a design ; but the rim would resemble 
the delacliable rim used on motor cars a few years ago, the deals being of 
light but stiff design, and rivetted or w-elded to the rim. 

This arrangement, of course, would not have the advantage of the 
large diameter of tlie ordinaiy^ cart wheel which minimises the elTect of 
axle friction. On a sinootli, liard road the proposed 36-incli diameter 
pneumatic-tj’red wheel with plain bushed hub.s, or ''composite” wheel, 
would need nearly 50 per cent more tractive effort than tlie ordinarj' 54 
inch diameter cart wiicel, for the same axle load. The lighter weight of 
this composite wheel and the superiorit3’ of the pneumatic t3Te over the 
steel tyre on non-rigid pavements such as an earthen road, would do much, 
however, to make the rural pa3'-load of the "composite" wheeled cart com- 
parable with that of the ordinary cart. 

The composite wheeled cart w’ould, of course, be ideal where tlie 
main considerations are bulk or comfort rather than weight e.g. furniture 
carts or passenger vehicles. 

It may jilease be understood that neither the "compromise 13're" nor 
the "composite wheel" are suggested as serious rivals of lhe_ pneumatic- 
tyred cart with roller bearings. They should propcrl3' be described as ne- 
cessities arising from the necessity for the low-cost road and the impos- 
sibility of ever3' carter being able to purchase the more efficient equip- 
ment. 
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The flexible tyre is Science's gift to the low-cost road engineer. The 
roller-bearing is, or should be, her gift to the bullock. 


RESTRICTION IX THE AOTUAE USE OP PXEUJIATIC TYPES. 

There are several ways in which restriction stands in the way of the 
universal adoption of pneumatic tyres for commercial carts 

Restriction of pay load : — 

No professional carter is going to lay out a (to him) large sum for 
the purchase of pneumatic equipment unless he can recover the outlay 
by carrying a heavier payload. 

In Calcutta, bullock cart drivers are allowed a payload upto 45 
maunds; in Bombay only of 20 maunds. In places like Bombay 
it is, therefore, not likely that commercial carters will go in for pneumatic 
equipment. 

Restriction of use of roads : — 

Prejudice (6) has already been shown to be one cause of restriction. 
Another District Board (8) has withdrawn permission for pneumatic tyred 
carts to use the crest of the road formation, a privilege which had been a 
great inducement for carters to£t pneumatic tyres. 

It is perfectly true that, on many narrow-crested roads, the 
slow-moving carts do obstruct motor traffic, but the pneumatic-tyred cart 
owners hold that their loads are vitally important for local prosperit}’’, 
that the motor traffic is small, and that the District Board is not justified 
in spending public money for the maintenance of motor traffic alone. 

Obviously, the restriction should apply, at most, only to the narrow- 
crested roads. Equally obviously, all narrow-crested road formations 
should be widened to a minimum width of 20 feet crest. Provincial govern- 
ments mi^t help by ear-marking a percentage of motor-vehicles taxation 
or ^auts-in-aid for the widening of road crests, favouring those local bodies 
which likewise earmark a portion of their local funds for the same purpose. 
An additional method of achieving the same result would be to divert a 
portion of the funds now allotted for some steel bridging projects, for 
which steel is now very expensive or even unobtainable, to simple earth- 
work and turfing where road formations urgently need widening. 

In this connection in the case of purely earthen roads, it would be 
reasonable for District Boards to force pneumatic-tyred carts to use the cart 
likh for about a month towards the end of the monsoon wherever extensive 
earthrvork is in progress. There is no doubt but that such carts make such 
roads practically impassable for motor traffic when under heavy repair. 
As there, is not much carting during the monsoon, this occasional tempo- 
rary restriction should cause no hardship to the drivers of pneumatic-tyred 
carts. 


lyustly, tliere is the question of taxation. > 
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In some parts of Assam, whidi is the only province where local 
boards tax carts, the fitting of pneumatic tyres is encouraged by taxing 
them at a lower rate; but tte Municipalities in the rest of India follow no 
such policy of encouragement. 

Before closing this Paper I would like to stress the fact that I am 
personally entirely disinterested in the manufacture of pneumatic tyre 
equipment. I strenuously advocate price control and, if necessarj', the 
state manufacture of pneumatic tyre equipment (9). 

The difiiculty is that, whenever any member of this Roads Congress 
commences to advocate the use of pneumatic tyres, the strongly national 
non-technical individual suspects such member as being personally interest- 
ed, either from motives of personal gain, or as the result of some 
sub-conscious desire to help the “foreigner" at the expense of the Indian 
national. 

This gives me deep concern. 

Could we not ofier free membership to one or two influential mem- 
bers of the All India National Congress, the Muslim I/eague, the Indian 
Union of Local Authorities, the Servants of India Society, and such strong- 
ly national bodies in the hope of getting these bodies represented as 
strongly as possible at our meetings ? This arrangement appears to be 
special desirable when subjects like the present one, or ribbon develop- 
ment, safety-first layout, and such matters which are semi-technical, are 
under discussion. 

There is not the slightest doubt that their delegates, having mixed 
with our members and formed their own conclusions, would advocate full 
support for the Indian Roads Congress whicli may then become more 
generally recognised for what it really is, a good servant of India. 

And now it is hoped that members will speak on this Paper and 
complete tlie process of "unfolding” this problem. It is also hoped that 
such members will “make recommendations." 

Let us not be discouraged by the knowledge that only the youngest 
of us can hope to see any substantial realisation of the low-cost road ideal. 
Most of us must be content with the thought that we have done our bert, 
by drawing attention to the steel tyre, to make it at all possible for the 
coming generations to construct the low-cost road. 
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APPENDIX OR NOTES. 


(i) Mr. Churchill’s suggestion : — "Brevity in Official Doctiments" 
Extract from "The Statesman" of dated August, 25, ig40. 

" The Premier iu inviting his colleagues and members of the 
Civil Service to save everybody’s time and energy by condensing official 
reports says : — 

“ To do our vork we all have to read a mass of papers. They are nearly 
always too long. This wastes time, while energy has to be spent in looking for 

essential points All should see that their reports are shorter, and should 

set out ffie main points in a series of short crisp paragraphs. If the reports rely 
on detailed analysis, some complicated factors, or on statistics, these should^ be set 
out in an appendix." 


(2) Extract of Resolution of the Indian Roads Congress dated 12th 
December, ig40. 


"This Congress, constituted by the leading highway engineers of the Govern- 
ments and local hodies throughout India, and by; the representatives of all the 
important highway construction and transportation interests 

(c) Believes that progress in rural roads can bo made by improving not 
only the roiid surface, but also the design and the loading pf the 
vehicles that plv on them, nnd thnt the solution can be found without 
adversely affecting the economic condition of the idllagers ; 

(d) Considers that the progress made in the provision of roads and bridges 
since the Report of the Road Development Committee has been wholly 
inadequate, owing chiefly to difficulties not foreseen and which could 
not be foreseen hy that Committee ; 

(e) Considers that the time is ripe for a complete review of the whole 

position, and that such review is a matter of National urgency ; 

and to this end this Congress recommends to the Government of India that in order 
to prepare for an adequate and progressive road policy after the war, n Committee 
be appointed. 

3 . To examine how far the steel tywe is an obstacle to progress, and in what 
way that obstacle can best be overcome.” 


(3) Low-cost road surface, 

A surface for moderate traffic, that will cost less than a hard 
pavement and yet be open to traffic, excluding steel-tyred traffic, 
all the year. T his indudes surfaces of stabilized earth gravel, 
crushed stone, - kankar and murum that can be manipulated, 
and also fiin tar or bitumen surfaces over a cheap base course. 

The low-cost surface may be considered as a compromise 
between the "kaclta" and the "pttcca” surface. It might alterna- 
tively be called the "kacha-pucca surface:” 
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(4) The commercial or -professional cart. . 

That which works witliin and in the neighbourhood of towns, 
and in connection witli mills, plantations, estates etc. in rural areas. 
Ownership is by single carts, or groups of carts by individuals or 
concerns. There is always a consideration for the carting, generally 
money. 


(5J The agricultural bullock cart. 

That which is individually owned by ah agriculturist who pays 
land cess and who carts his own or his neighbour’s produce from village 
to village, or village to market. Practically no money passes. The 
owner is without ready finance and, for the majority of the year, 
uses his bullocks for ploughing, or purposes other than carting. 


(6) Prejudice based on politics or lack of technical knowledge. 

(а) Mr. Gandhi in "Harijan” May, 28, and June, 4, 1938. 

“Pueunintic types, which Ihcir jidvocnlcB arc 80 cnthusinstic in recommending 
for use for bullock c.irla. lire, even when they nrc mnnufnctnrcd in Indie, 
NOT SWADESHI in the sense that tlic “control, direction, and management 
cither by 'a Mnnnging Director or by Managing Agents’’ of the concerns 
mnniifncturing these tyres mv NOT “in Indian hands’’. This in itself should 
be a parainouiit consideration for ruling out tho use of these tyres for village 
carts. It might be yet anolhor instance of foreign intcrcsi.s being fattened a 
the cost of the Indian masses.’’ 

Mr. Gandhi then goes on to point out that, with the extinction 
of the traditional trade of the wheel-wriglit and the impossibility 
of the artisans finding employment overseas, many will starve. He 
used the following very moving words : — 

"Is even the little cniinb of bread which they have got to-day to be snatched 
from their hands ? Arc they to be denied even Uic right to honest toil ? Tlicro 
are obvious advantages, it ‘is said, in tho nsc of pneumatic tyres. Serious 
doubts have been espressed as to this. But supposing lliat llicro arc advantages 
in the use of pneumatic tyres, at what cost in human misery arc tiicy to no 
purchased ‘f The grim tragedy has been enacted in tlio c.ssc of many of 
onr indostrics wiiicli have been wiped out of existence. Will it be epnoted in 
this case also? Sliall we bo willing parties to ibo ruin of a section of our 
own countrymen 7 If not, it is up to us to resist the use of pneumatic tyros 
for bullock carts with ail tho strength that wc can command.’’ 

It is natural tliat such a stirring appeal should influence many, 
md the following quotations are typical 

(б) Madras, Mail — ^August, 18, 1938. 

“Dr. Kitmarnppa, the Secretary and Touring Propagandist of tho All-India 
Village Industries Associalion, said that on his recommendation, the 
Pnrlininentary Secretary to tlio Minister for the Zxical Administration had sonl 
drculars to all Municipal Coiinctls and Local Boards, and these had passed 
resolutions in support of iron lyres. Ho added that rubber lyres iniMscd a 
licavicr strain on animals and also caused greater damage to roads. Though 
rubber tyres were maiuifnclurcd in Indio, ho added, by buying them they 
would indirectly help foreign interests”. 
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(i) Mr. Churchill's suggestion: — “Brevity in Official Documents" 
Extract from “The Statesman" of dated August, 25, ig40. 

" The Premier in inviting his colleagues and members of the 
Civil Ser\dcc to save everybody's time and energy by condensing oiTicial 
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(2) Extract of liesolulion of the Indian Roads Congress dated JZth 
December, ig/fo. 

“This Congress, constituted by the lending highnay engineers of the Govern- 
ments and local liodie* throughout India, ami by the rrpre*enfalives of all the 
iniportniit highway ennstriietinn and trnnsjiortntion 'interests 

(c) Believes that progress in rural roads can he made by improving not 
only the road surface. Inn also the design and the loading of the 
vehicles that ply on them, and that the solution can be found without 
adversely nirectiiig the economic condition of the villagers ; 

(d| Considers that the progre** nindc in the provision o/ roads and bridges 
since the lleiwirt of the Hoad Development Cimimittec has been wholly 
inadequate, owing chiefly to diflicultics not for>'«ei>n and which could 
not be foreseen by that Committee ; 

(c) Considers that iho time is ripe for a coinplcto review of the whole 
]K)siiioii. and that such review is a matter of National tirgciicy ; 

and to this end thi.s Congress reeoiitnicnds to the Government of India that in onler 
to prepare for an adequate ttnd progrc.ssivc road policy after the war, a Committee 
he appointed. 

3 . To esamine how far the steel tyre is an obstacle to progre.**, and in what 
way that obstacle can best bo overcome.” ' 


{3) Low-cost road surface, 

A surface for moderate traffic, that will cost less than a hard 
pavement and yet be open to traffic, excluding steel-tyred traffic, 
all the year. This includes surfaces of stabilized earth gravel, 
crushed stone, kankar and miirum that can be manipulated, 
and also thin tar or bitumen surfaces over a cheap base course. 

The low-cost surface may be considered as a compromise 
between the “kacha" and the “pticca" surface. It might alterna- 
tively be called tlie “kacha-pucca surface.” 
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(4) The commercial or professional carL 

That which works witliin and in the neighbourhood of towns, 
and in connection with mills, plantations, estates etc. in rural areas. 
Ownership is by single carts, or groups of carts by individuals or 
concerns. There is always a consideration for the carting, generally 
money. 


{5J The agricultural bullock cart. 

That whicli is individually owned by ah agriculturist wlio pays 
land cess and who carts his own or his neighbour’s produce from village 
to village, or village to market. Practically no money passes. The 
owner is without ready finance and, for the majority of the year, 
uses his bullocks for ploughing, or purposes other than carting. 


(6) Prejudice based on politics or lack of technical knowledge. 

(а) Mr. Gandhi in “Harijau” May, 28, and June, 4, 1938. 

“Piiciini.alic types, which their iidrocttlca arc so cnthnsinstic in recommending 
for «8C for bullock ciirts, nrc. even when they nrc miiniifnctnrcd in Indin, 
NOT SWAOESHIin the Hcnso that the “control, direction, nnd m.mngcmcnl 
cither Ity ti Mntinging Director or by MnnnKing Agents” of the concBrn** 
niniiufncturing thcFO tyres nrc NOT “in Indiniihnnds’’. This in itself shoitld 
he n pnrninount oonsidemtion for ruling out the use of these tyres for villngc 
carts. It might he yet miothcr instance of foreign interchts being fattened a 
the cost of the Indian mithses.” 

Mr. Gandhi then goe.s on to point out that, with the extinction 
of tlie traditional trade of the wheel-wright and the impossibility 
of the artisans finding cmiiloyment overseas, many will starve. He 
used the following very moving words : — 

“Is even the little ernmh of bread which they have got to-day to be hiialclicd 
from their hands 7 Are they to bo denied even the right to honest toil V There 
arc obvious advantages, it is said, in the use of pneumatic tyres. Serious 
doubts have been osjircsscd ns to this. But supposing that there are advantages 
in the use of piicuinntic tyros, at wliat cost in human misery are they to be 
purchased? The grim tragedy' has been enacted in the case of many of 
our industries whicli have been wi|)cd out of cxiRlenco. Will it bo eiinctcd in 
this case also? Shall wo be willing parlies to tlio ruin of a section of our 
own countrymen 7 If not. it is up to us to resist the use of pneumatic tyres 
for bullock carts with ail the strength that we can command.” 

It is natural that such a stirring appeal should influence many, 
and the following quotations are typical 

(б) Madras, Mail — ^August, 18, 1938. 

“Dr. Kum.arappa, the .Secret ary and Touring Propagandist of the All-India 
Villngc Industries Association, said that on his recommendation, the 
Parliamentary .Secretary to tho Minister for the Local Administration had sent 
eirculars to all Municipal Councils nnd Locid Boards, nnd these had passed 
resolutions in support of iron tyres. Ho added that rubber lyres jmMsed a 
heavier strain on animals and also caused greater damage to roads. Though 
rubber tyros were manufactured in India, he added, by buying them they 
would indirectly help foreign intetests”. 
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(c) Extract of a Resolution passed by the Sub-Coinmitlee appointed 
by the Cawnpore JIunicipality— August, S, 1939. 

“The question of exemption in lax on vehicles filled with pneumatic lyres is 

bncelcss As rcpainis comfort lo animals, the load hciiig doubled, (he niiimais 

cannot be cxpcctc<l to bo benefited. TiikinR into consideration the _ poor 
condition of India, the Hoard does not desire to destroy its few Industries by 
induciiiK foreign ones. Tito introdnetion of pneumnti<! tyres will deprive 

thousands of labonrcrs (black-smiths, carpenters etc.) of their Itrend TJic 

Committee oniiics tliat the Hoard should siipjtort Indian inductry and desire 
lo extend them. It, therefore, recommends that no conec.'«ion in tax on use 
of these tyres be allowed 

Nole: — To give them their due, the Cawnpore Municipality have 
recently sanctioned the increase of nia.\itnuni allowable 
payload from 30 inaunds fixed for ordinary bullock carts to 
70 inaunds for tltose fitted with pneumatic equipment. 

(d) Bihar Local Bodies Conference — ^January, 1940. Presidential 
address of Matilvi Mohammad Sajjad, ‘ who had recently become 
Chairman, District Board, Saran. 

“Tlic present Boards arc wbnt, in common parinnee, urc e.alled “Congress 
Boards.” The onlinary iwojfic expect big things, nlinnsi revolutionary changes, 
from ns. The sacred name of Congress is linkctl to the present Boards and_ it 
is in onr power by onr actions lo rai<e the prestij-c of onr national orgnnisntion 

An idea was entertained hy homc pcoplethnt the introdnetion of pncumnlic- 

tyred bullock carts would not adversely aflect onr roads bnt, fronitny own 
personal experience in my district, I hnvc been led to the conclusion tlmt these 

carts are an even greater menace to onr roads than the old type iron-tyred 

carls, I have found tlmt such carts, themselves weighing ns ranch ns M 
inaunds, carry loads up to at least 50 inaunds each, which comes to more than 
2 tons and, as Wi' earls, mare on the roads sloirlt), the pressure of their xteighU 
on the road tnereases {approximately) by bO per cent and thus rae/i one of such 
carts may be tahen to exert a pressure of a three ton load," 

Since delivering tliis address, the Chairman of the Saran District 
Board lias had the pneumatic-tjTcd bullock carts driven off the 
tolerably wide crests of tlie Saran District roads and some prosejni- 
tions have resulted. Tlie District Ofliccr and the Superintending 
Engineer advised against such a course. 

(e) The remarks made by Mr. S. B. Joshi on Paper J-39 and reported 
in the proceedings of the Sixth Indi.in Roads Congress Vol. VI, will 
illustrate the suspicion of exploitation by foreign interests. 

JIany other instances of prejudice based on politics and lack of 
technical knowledge could be given. 


(7) Afr. r, Campbell Gray. Diseiission on Paper /-Jp. Proceedings 
of the Indian Roads Congress Vol. VI, December, xpsg. 

“ In considering wiiys nml means of nvcrcoming the excessive dnmngc 
done to roads, it'lins always sccmctl to me that, in recommending the imme- 
diate substitution of ]>ncumnlic tyres with clahorntc steel shafts in ball 
hearings, wc arc advancing in too rapid a stride. T would, therefore, nsk if 
it might not he hotter to aim at a gmdiinl transition from the stccl-tyrcd 
wheel to the pnoumniio-tvr«l one hy first encouraging the nse of solid nibber 
tyres which might be fitted to the ordinary e.ari wheel, cither hy the inclusion 
of n snitahlc groove made when turning the wheel out to its finished diameter, 
or hy cleats screwed on. 
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( 8 ) Darbhanga Disirict Board. Extract from its proceedings dated 
March^ s, 1^40. 

‘‘ Whereas our District Board Camago roads arc not wider than 15 feet 
and that a loaded pneumatic-tyred cart if running in scries will considerably 
block the roadway so much so that the fast movmg vehicle traflic have to 
wait for a considerable time fill the carts make way for them, ns also the 
carts though with pneumatic tyres have no spring and the damage to the road 
is equally heavy ns is done by ordinary bullock carts. It is resolved that the 
pncumatic-tyrcd carls be not plied on tlic carriage road. Seconded by Babu 
Surat Jhn and carried unanimously.” 

As a result of this, pneumatic tyred carts are now forced 
down into the cart likh more or less at ground level alongside 
the formation for the earth or brick-metalled crest. 


(9) Extract from Proceedings of the Indian Roads Congress Vol. VI 
Paper No. Jsg Mr. W. L. Murrell. 

“ In case it might be objected that the widespread adoption of the 
pneumatic tyre would be playing into the hands of private vested interests, 
it is suggested that, if local governmcnls are capable of undertaking the 
supply of electricity and such national requirements on a large scale, they 
.are easily cap.ab1e of mniiufacttirlng and distributing at cost price pneumatic 
tyres for carts, the tyres being _no_ less a national necessity than, say, water 
for irrigation. Bcside.s this, it is doubtful whether private enterpnse alone 
could meet what would be the demand for the tyres.” 
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Comments by Mr. I. N. Tfflehta (Multan). 

I have been trying at Multan that the professional cartmen should 
change from steel-tyred carts to pneumatic-tyred carts. The difficulties 
and prejudices, that stand in the way of the use of pneumatic-tyres, inspite 
of the preferential treatment, shown at Multan to -Ijhe pneumatic tyres, 
are given below for the information of the Roads Congress. 

As a first incentive to the use of pneumatic t5’res, I suggested to the 
Multan Municipal Committee in March 1936, to exempt all carts fitted with 
pneumatic tyres from the payment of License Fee (Rs. 3/- per annum) and 
Wheel Tax (Rs. 3/- per annum). At that time the Committee considered my 
proposal impracticable but later on tliey saw my view-point and resolved in 
June 1937 that the carts fitted with pneumatic tj res be exempted from the 
payment of the License Fee and the Wheel Tax for 3 years. After the 
Resolution was passed, I tried to persuade several of the professional 
cartmen to change their carts promising them that more facilities will be 
granted. The initial cost of pneumatic tyres was considered by them 
prohibitive and they did not like to make use of the concession offered 
by the Committee. Later on, I issued the instructions that the con- 
tractors, who supply ballast and bajri on Municipal Roads, shall have to 
transport it by vehicles fitted with pneumatic tyres. The contractors 
used motor lorries for their transport and the desired result of getting 
pneumatic tyres fitted to some of the carts was not attained. I thought 
of another scheme to p^rs’uade the cartmen to use pneumatic tyres. I 
approached the Committee to allow the carts fitted with pneumatic tyres 
to carx}' loads one and a half times the load permissible under the bye- 
laws. This the Committee did and within six months of the Resolution 
of the Committee, about 10 per cent of the carts were fitted with 
pneumatic-tyres. There is a great prejudice in the minds of the cartmen 
that the tubes often get punctured. Moreover, they do not feel at home 
while driving these carts. They even fail to learn how to pump air in the 
tubes. 

I also persuaded the Committee to fit some of the Municipal con- 
servancy carts with pneumatic tyres. This was done and I found that the 
usual labour, engaged for drawing carts, was so much ignorant that they 
used to break pumps very often while pumping air in the tubes. Very often 
it was found that the pressure in one of the tubes was very much greater 
than in the other. They were given a littie training but that did not help 
matters verj' much. Later on, an allowance was given to the lorry drivers 
to see that the pneumatic equipment of carts is kept in good condition. 
I must admit that the labour does not feel at home while using pneumatic- 
tyred carts and. that is why the contractors also feel shy of using 
pneumatic tyres. I asked some of them to have solid rubber fitted on 
' their carts, , as is done in' the case of tongas. This they have done as the 
cost was from Rs. zo/- to Rs. 30/- and they seem to be satisfied except that 
they complain that the rubber does not last for more than 6 months, I 
think, the cartmen, who have one-bullock carts, can be easily persuaded to 
use solid rubber tyres if some kind of tyre is specially manufactured which 
would last for about a year or so with little additional ' cost. In a 
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two-bullock cart, the solid rubber tyres will wear out too soon and the 
pneumatic tyres arc the only solution. 

I have got one more suggestion to make and that is that we should 
approach the Society for the Prevention of Cruelty to Animals that they 
should encourage pneumatic tyres as the animals feel much more comfort- 
able while plying pneumatic-tyred carts than iron-tyred ones. They may 
advance loan without interest for the purchase of pneumatic equipment, 
give prizes annually and do other things to encourage the use of pneumatic 
equipment. 

Reply of Mr. W. L. Murrell, O.B.E., (Author), to the above .Comments 

* Mr. Mehta appears to be fortunate in having had good backing .from 
the Multan Municipal Committee. 

Doubtless, the most important point brought out by Mr. ^lehta is 
that by far the most effective method of encouraging the pneumatic tyre 
is to allow carts fitted with sucli tyres to carry loads greater than those 
allowed to steel-tyred carts. Conversion of 10 per cent of the carts in 
the Municipality in six months speaks volumes. 

It is suggested that contractors for Municipal road-metal should 
not get any concession for using motor trucks, especially, where there is 
a high percentage of water-bound milage. Carts with pneumatic tj'res 
only should be given couces‘'<on«, as motor trucks do a lot of damage to 
water-bound surfaces. 

The difficulty of y, ‘/J can be overcome by enlisting the aid 
of the petrol compar , some cases, asswt the good cause by 

getting their distn* ' ' ' give free air tcjiipneumatic-tyred carts. 

Or it woul'’ - .-.JpumV lightly subsidise 2 or 3 air 

stations to giye such free service. 

Mr. Mehta's assertion, tliat solid rubber tyres w'ear more quickly 
than pneumatic tyres in two-animal carts, is interesting. This appears 
to be due to the side-to-side or yawing movement of the animals as they 
proceed. This movement causes the tyres to ''screw-into" the road 
surface. The flexible walls of the pneumatic would take up a good deal 
of the screwing movement, and hence there would be less wear in the 
case of the pneumatic tyre. This point is for consideration when study- 
ing the proposed "compromise” types of tyres. 

As regards approaching the Society for the Prevention of Cruelty to 
Animals with a view to getting that association to popularise the pneumatic 
tyre, this course is, unfortunately, not generally feasible. The difficulty 
is that the Association has to initiate legal prosecutions, and they must 
give nobody the chance to allege that they are financially interested in 
pneumatic tyres and that their real object in prosecuting is to force the 
carters to adopt such tyres. 

Comments by Mr. P. V. Chance (Central Provinces and Berar)/^ 

A survey by the Agricultural Department showed that there are 
11,25,848 carts in the Central Provinces. The annual cost of rubber tyres, 
including depreciation and maintenance, is not likely to be less than 
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Rs. 25/- per cart or Rs. a -Sr crores for the carts in the Central Provinces 
a sum which is considerably more than half the total revenue from all 
sources. If lo per cent of the carts are fitted with rubber tyres, the 
annual expenditure would be Rs. 2S lakhs. The cost of maintaining all 
the roads is Rs. 22.6 lakhs of which roughly one-third is spent on repairs 
to bridges and culverts, maintenance of bungalows, and miscellaneous 
repairs; and two-thirds, or say Rs. 15 lakhs, are spent on renewals of 
road surfaces. 

It is obviously impossible that the cost of fitting carts with rubber 
tyres can be met from saviug on road maintenance, at least in the Central 
Provinces. If there are provinces more favourably situated, it would be 
of interest to see calculations showing tlie financial advantages of fitting 
tyres and perhaps the author may supply them. Possibly the most 
continuously employed professional cartmen arc those working for con- 
tractors and 1 agree with Mr. Murrell that contractors do not consider 
the fitting of rubber tyros to carts an economy. They are quick enough 
to adopt progressive methods in other directions. They will use lorries 
and will weigh up the relative advantages of petrol, diesel and charcoal- 
gas engines, but they will not put rubber tyres on carts because they 
do Jiot think it will pay them, and I have no doubt they are right. 

There are other directions in which progress on the improve- 
ment of roads is possible and I should be sorry to sec the Roads Congress 
pin its faith only to rubber tyres. I do not desire to criticise the 
"compromise'' tyres and "composite" wheels which the author has 
evolved. They have not been tried, and, as the author states that they 
are not suggested as serious rivals of the pneumatic-tyred cart with roller 
bearings, it is not clear why they should be tried, 

“• '-J* — • fT'rtil f- • 

Reilly of Mr. W. L. Murrell, O.B.E., (Author), to tho above Cdniintifitw 

'fhe last sentence of Mr, Chance's remarks clearly shows the rather 
peculiar attitude lie has adopted. 

When it was stated that the cart with the "compromise'' tyre or 
"composite'' wheel could not be considered as a serious rival of the cart 
with the pneumatic tyre and roller bearings, the average reader surely 
understood that the comparison w'as on the sole basis of excellence as a 
vehicle of transport, witiiout regard to cost. 

If Mr. Chance had read the wdiolc of the paper carefully, he would 
have seen that the author had suggested the "compromise’’ and "com- 
posite'' types for very exlcitsivc use indeed, vide the foot of page 67 and top 
of page 68. 

I now continue the reply in the hope that my critic is not among 
those "who will not see." 

Pr^nmably, Mr. Chance, like several of us, places the professional 
carts at about zo per cent of -the total number. 

Whereas the example he takes assumes that all professional carts 
are to be' converted to pneumatic equipment and roller bearings, I have 
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merely suggested that some of this 10 per cent should be converted, 
vide [a) at the foot of page 67. 

Again, Mr. Chance should not have taken Rs, 25/- per cart, but the 
difference in cost of maintaining the pneumatic>tyrea equipment and of 
maintaining steel-tyred equipment. 

Mr. Chance’s figure of Rs. 28 lakhs is, therefore, a very grave exagge- 
ration. 

But it is suggested that Mr. Chance has really missed the chief point 
of the matter. 

The point is that the person, Tvho uses the roads, should pay for them 
roughly in proportion to the damage he would do to them. 

Mr. Chance states that Rs. 15 lakhs are spent on road surface rene- 
wals annually in the Central Provinces. 

I stand to be corrected when I state that the professional carters 
pay comparatively very little of this Rs. 15 lakhs, and my contention is 
that if professional carts had the equipment, mentioned in para a (i), 
(«), {Hi) on pages 67-68 of the Paper, they would be paying a fair share of 
the 15 lakhs or of the reduced maintenance costs which would result from 
the abolition of the steel tyre. 

I am afraid that I must disagree with Mr. Chance's assertion that 
contractors will not put rubber (pneumatic) t3'ies on carts because they 
do not think it will pay them. It is chiefly a question of finding the price 
of the equipment. Where carting is done sj'stematically and the money 
for pneumatic equipment becomes available, conversion is fairly rapid. 
Mr. Mehta has stated an example. I could quote the case of dozens of 
concerns carting sugar cane with large fleets of pneumatic-tj'red carts. 

I know of one fleet of over 70 such carts. 

Comments by Ur. U. Gnana UanI (Tellicherry)./ 

It is really a problem to siagg^t any modification for anything like 
the steel-t3’red bullock cart which has evolved to its present design ; but 
the fact, that we have a new model car every year since the time Henry Ford 
made his car, gives one the hope of attempting something better every day. 
The points, to be considered in connection with the modification of the 
existing design, are as below : — 

1. The modification proposed should, as far as possible, be 
limited to the minimum so that it would not be too much 
for the cartman to change over to this design without inter- 
fering with the existing design. 

2. The modification should be capable of'being effected by the 
workman available in the village. 

3. The materials proposed should be easily accessible to the 
villager. 
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4. The cartmaa should know that the proposed desiEn je ttinr/. 

advantageous to him. ® 

5. Lastly, and the most important of all, the proposed design 
should contribute towards the improvement of the road- 
rupee ratio n-hkh is the main object 0/ the Indian Roads 
Congress, 

Let the above points be considered in relation to the proposed 
design, vide drawing facing page 77f : — ^ 

1. The proposed design is only an extension of that now used 
for the jutka wheels. The difference, however, is that the 
tyre for jiilka wheel is obtainable in the market already 
rolled as such and the blacksmith just heats it and winds 
it round the rim of the wheel. Also, the overall width of 
tlie tyre is about two inches bent, as shown in the drawing, 
to receive the rubber treading, while four inches width 
is proposed for the bullock cart wheel. 

2. Local enquiries have shown that the proposed section can 
be made by an .average blacksmith by bending the ordinary 
steel plate of six inches by quarter of au inch section : but 
the making charges are rci»rted to be nearly four times 
the charges for the existing type. These m.akiug charges 
can be reduced by supplying the blacksmith with the four 
inches wide section already rolled in the mills just as he is 
getting it for the yufia wheel tyres. 

3. When the villager is gelling a section for the ptlka, there is 
no reason why a similar but a bigger-sized section cannot 
be made available for the bullock cart. The bitumen or 
molasses is easity available to the villager. 

4. The whole success of the proposal revolves round this point; 
and it is a serious question how the cartinai: really gains in 
adopting this de.sign. Two methods .seem feasible. On 
page 73 of the Psiper under discussion, it is stated that, in 
some parts, the fftting of pneumatic tyres is encouraged by 
taxing them at a lower rate. Perhaps the same procedure 
may be adopted in the case of the carts fitted with "com- 
promise’' lyres. The compensation to the Local Bo.irds 
resulting from this loss may be made up in the shape of 
enhanceinenl of ro.'id grants thus reducing the money to be 
spent by the Local Body. Again on page 68 of the Paper, 
it is stated that the producers of the pneumatic tyres claim 
that they are willing to supply them at the very lowest 
price as they believe that the wide spread use of such 
tyres will make possible a great milage of low cost roads 

< -thus increasing motor traffic generally. Under the circum- 
staiiccs; there seems no reason why it cannot be hoped that 
the producers of this "compromise" steel lyre will not be 
generous in reducing the cost of this section to barest 
minimum, in view of tlie fact that more steel is required 
for bridging the streams towards whicli more grants will be 
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possible if the grants for the road maintenance proper can 
be reduced by designing a less harmful tyre for the 
bullock cart. 

5. A glance at the drawing on the opposite page will show that 
the sharp cutting edge of the steel tj're is avoided by 
rounding the edges and filling it up with soft material. 
Also the bearing area is increased by hundred percent and 
there is less scope for the earth roads to be cut up into deep 
tracks which make them so unfit. On the otlier hand, 
these "compromise” tyres cause an ironing effect on the 
eartli roads surface, if the tj-res can be good to the earth 
roads, they can certainly save the metalled roads also and 
the Road Engineer will have achieved much. 

Reply^of Mr. W. L.* Murrell, O.B.E.. {Aumttr-jrnTtaTmTEry^u. c.. 

I suggest that Mr. Gnana Mani's opening sentence shows the 
attitude of mind we should all attempt to preserve and, in this connec- 
tion, it may be observed that the proposed super-broad wooden tyre 
has ahead}' been called the "balloon wooden tyre”. 

Mr. Gnana Mani’s design is certainly a contribution to the solution, 
and is very welcome. 

The section, 6 inches by J inch or even 6 inches by 3/16 inch, could 
be mass produced and put on the market just as in the case of the tyre for 
the/i/ttfl wheel, or it could possibly be made by a competent blacksmith. 
The skill, whicli many village blacksmiths exhibit, is surprising. 

The increased cost of tl:is tj're would not be so very great a 
disadvantage if it were given preferential taxation, or if its adoption 
were subsidised. The cost would be very small compared with that of 
pneumatic tyre equipment. 

Rather a severe disadvantage would be its weight, there being 
three times the amount of steel, or about twice tlie amount if limited 
to 3/16 inch thickness. 

Each. impregnated rope would really need a ile.vible or spring}* 
wire tcore or something to keep it from coming out of the rim as the 
ropes would stretch considerably when subject to continual lateral 
pressure. 

It would also be necessary to hare some local authority to safe- 
guard that the ropes are changed, not only for the sake of the road 
surface but also for the sake of the cart owner. If the ropes were 
to wear considerably, tlie curved edges would soon cut grooves in the 
road, and they would themselves near thin and become distorted, thus 
necessitating expensive replacement. 

It might, of course, be possible to give the worn ropes a coat of bitu- 
men and j-inch chips, or some other treatments to make up for wear. 
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With a 3-inch felloe and 7 inches by 3/16 inch steel section, we could . 
have a 5-inch tyre which would do well on earthen roads. 

I do not think the design is suitable for bound macadam or surface- 
treated roads owing to the two curved metal edges w’hich would quickly, 
become proud on such surfaces and then, not only become damaged, but 
also inflict damage on the road. 

Concluding remarks by Mr. W. L. Murrell, O.B B., (Author). 

There have been a few developments as regards the “compromise” 
tyre since the Paper was written. 

Enquiries were made from the rubber-tyre interests as to whether 
solid tyres could be built up on galvanised iron wire cores as shown in 
Plate I facing page 68, of the Paper, using countrj'-made fabric and 
rubber solution. The Company was enthusiastic but too engaged with 
important war work to do the necessary detailed investigations. Besides 
this, the rubber solution would make the wheel rather expensive. 

A sugar expert was consulted as to whether molasses could be used 
to give a sticky, plastic material for use with country-made fabric. 
Correspondence shows that, the difficulty is to get a truly non-soluble 
molasses compound. In this connection may be read the Paper 
“Experiments on the Manufacture of an Insoluble Road Composition from 
Molasses”, Proceedings of the 5th Annual Convention (1936) of the Sugar 
Technologists' Association of India. 

It is just possible that something may be done with a compound of 
compressed jute and resin; but this possibility has just come to my 
notice. 

It is in the matter of the broad wooden or “balloon” wooden tyre 
that actual progress has been made. 

‘ The Indian Road Congress having assured assistance to the extent 
of Rs. 200/- for the actual construction and testing of broad wooden tyres, 
a start has been made on Type A, vide Plate III, at the end. 

The idea is to use the ordinar5' wooden bub and spokes as turned 
out by the village cart builder, vide figure 5 Plate III. 

Two flange rings, figure 3, are made by .the village blacksmith and 
six pieces of wood for the tyre, figures i and 2, are made by the village 
carpenter, for each wheel. 

The spokes are housed in notches cut in the six pieces of wood, and 
the wheel is held together by the two flange rings and bolts. It is really 
a very simple arrangement and far less complicated than the present 
wheel with its six sections of felloe, and 4 spoke-wedges and one dowel 
piece for each of the six sections, to say nothing of shrinking on the 
Satanic steel tyre. 


Plate ill 
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Variations are being tried, substituting small 3/16 inch angles 
for the flat iron flange rings, with the idea of supporting the sides of 
the tyre and so enabling the wooden tyre to be made thinner and 
lighter. 

12 bolts instead of tS, and lighter bolts are to be tried with a view 
to saving in cost and weight. 

The design in Plate III is for carts for the larger bullocks such as 
one sees in the United Provinces and north-west Bihar. For north-east 
Bihar and western Bengal, the external diameter of the flange rings 
would be 3-6" or even 3'-o", the width of the tyre being reduced 
from 6 to 5j, or even 4i- inches, to suit the smaller bullocks in the 
latter areas. 

It is natural to presume that the type of wood required for the 
wood tyre must be cheap, and it must be tough and resistent to wear. 
Hardness may indicate toughness but not invariably so — as is the case 
with road metals. I/ghlness of the wood is a consideration. 

In North Bihar, stssum or sissoo is generally used. 

Nevertheless, it is hoped to try a really light and cheap wood such 
as mango or simul. 

We know that in the running of a grindstone with a steel axle'in 
wooden bearings, the steel wears more quickly than the wood and it may 
be possible to apply this principle to the cart tyre. 

A very soft wood tyre might be toughened considerably by making 
transverse saw cuts 1/4 inch deep round its periphery, and impregnating 
the wood with the correct bituminous compound. Or the periphery 
might be holed with man}' but shallow boles which would carry bituminous 
compound. The idea in either case is to make the tyre pick up and 
retain gritty material from the road, or given to it by band, in the same 
way as the wood of the grindstone bearing picks up and retains the grit 
.coming from the grindstone. 

It is hoped that sample wheels which have undergone trials on 
different kinds of road surface, or at least photographs of the wheels, 
along with a description of the trials, may be put before the next meeting 
of the Roads Congress. 

It has been suggested that testing might be done on the Test Track, 
but the comparatively sharp curvature of the ends of the track would 
play undue havoc with a wide flat tyre. There are very few roads where 
the ratio of length on sharp curve to length on straight is anything like 
so high as it is on the Test Track. 

A point about this new type, of "compromise" tyre is that it can be 
fitted to the ordinary cartwheel 'simply by cutting the felloe away and 
using two light flange rings. 
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Fig. I 




Fig. 3 


t" Dia: 
bolts. 


Figure 1 shows hatched the steel tyre and portion of wooden 
felloe cut away from the ordinary bullock cart wheel. 

Figure 2 shows a section of the wooden "balloon” tyre to be 
fitted. It has its central flange cut away to fit the 
remaining felloe shown in Figure i. The village wheel- 
wright can easily do this. 

Figure 3 shows the assembly with two flange rings (shown dotted). 

These flange rings need only be very light as the joint 
between auj' two "balloon” tyre sections will break 
joint with the joint between any two felloe sections. 
The flange rings need, therefore, be only strong enough 
to keep the balloon sections on to the wheel, and in 
place laterally. They will not take any bending in the 
vertical plane. 

So conversion is feasible utilising the maKiraum possible of the 
materials of the old wheel. Even the steel tyre could be cut, straightened, 
and then made into a flange ring. 

It should be mentioned that this particular type of tyre is applicable 
only to the type of wheel where the 8 or I2 spokes consist of 4 or 
6 pieces of wood driven right through the hub, and more-or-lcss self- 
loc^ng. 

There is another type of wheel widely used on bullock carts in 
India. It dosely resembles the European wheel where the spokes are 
truly radial and are driven into staggered, tapered holes, cut around 
the hub. 

This type of wheel requires a steel band of some sort shrunk 
on, along with the felloe, to keep the spokes well, home in their hub 
housings. 
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To achieve an equivalent arrangement, it will be necessary to 
place the sections of "balloon” wooden tyre, not between two flange 
rings as shown above, but between the flanges of a light steel channel 
bent to the same circle as the flange ring. 

The spokes are to be driven sideways into the interior of the 
channel ring against wedges, and held there by 1/4 or 5/16 inch U bolts^ 
as shown in the sketch below. 



Flat Iron Cleats 
ri vetted to Channel 
Ring. 


U Bolts and Nuts 
to keep the spokes 
in place in the 
channel ring, and 
tight in their hub 
housing. 


Finally, it is hoped that alt members of the Indian Roads Congress 
realise that there will be a prize or honorarium of not less than 
Rs. 300/- for the current year, and for next year also, for the most 
practical design of bullock cart wheels or detachable rims to reduce 
the destructive effect of bullock carts on roads. The competition is 
open to the members of the Indian Roads Congress and to the public. 


If these closing remarks on the Paper should prove of assistance 
to the prize winner for the current or for next year, he will be very 
welcome to them. 
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PRIMERS, THEIR NATURE & USES. 

By 

N. Das Gotta b.e.. c.e., 

Roa^s Engineer, Standard-Vacuum Oil Company, Calcnlta. 


Iniroduction. In recent years Primers have attracted the attention 
of Road Engineers of India. There are. however, two schools of thought 
regarding the use of Primers — one which believes that Primers should be 
used uiiiversall5', the other which believes that Primers are not at all 
necessary. These two opposing views are partly due to insufficient study 
of the exact nature of a Primer and its action on different classes of sur- 
faces. The object of this paper is to describe Primers required for different 
conditions and to enumerate the circumstances under which the use of a 
Primer is an advantage. 

Quite recently some experiments have been conducted with the 
principal types of primers available in India, and some observations have 
been recorded regarding their action under a particular set of conditions. 
It should be noted tliat this action will vary with different localities, road 
metal, nature of sub-soil, weather and climatic conditions, and that vary- 
ing results will be obtained under different rates of application, blindage, 
time allowed for penetration and also from traffic conditions. 


Composition of Primers, A primer should necessarily be asphalt or 
tar dissolved in a volatile solvent. By varying the percentage of asphalt 
or tar, primers of different viscosities are obtained. Eor different condi- 
tions, primers having different viscosity limits are suitable. Also by var}"^- 
ing the solvent, primers having different curing properties are obtained. 

As the object of the primer is to penetrate into the road base, only 
medium curing and slow curing cut-back asphalts should be used for this 
purpose. The relative, merits of these two types will be dealt with later. 
Also by varying the base of the primer, the properties of primers having 
the same viscosity limits will be different. The choice of a primer depends 
on local conditions. 


Necessity of Primers. Primers are generally required in cases where 
straight surface painting with a binder of high viscosity is not advisable. 
The function of the binder is to waterproof the underlying base and to 
hold the stone-chips of the cover coat firmly together. To develop ade- 
quate binding strength, the film of the binder, within recognized limits, 
should necessarily be thick. Usually straight asphalt or cut-back asphalt 
or tar of relatively high viscosity is'‘t^d as a binder. None of these bind- 
ers can penetrate into a waterbound;’ macadam successfully, in view of 
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inherent high viscosity. On the other hand, they only form a mat on the 
surface. 

Good hard stone metal, when properly consolidated, interlocks to^ 
form a firm base and tlie super-imposed load is efficiently transferred to the 
subgrade. Provided the stone metal is hydrophobic, i,e. it has more affi- 
nity for asphalt than for water, a carpet obtained by surface painting will 
strongly adhere to the base and will be quite satisfactory up to certain 
traffic conditions. 

(i) With an inferior stone, slag, kankar, laterite, broken brick, etc., 
considerable crushing of the edges of individual pieces of aggregate takes 
place during consolidation. If the road surface is cleaned by removing 
all dust and particles of road metal, the meclianical interlock will be 
appreciably disturbed. If, on the other hand, these particles of crushed 
metal are not removed, they will be coated only on the top side by the 
binder application and will be a source of weakness to the surface-paint- 
ed carpet. Under traffic, cracks w'ill ultimately develop on the carpet due 
to poor support at points of contact of the metal of the base, through 
which water will enter, breaking the surface painting bond and weakening 
the water-bound macadam, thereby accelerating the destruction of the 
road. 


Wliereas, if a suitable primer is used, the loose particles w’ill be 
thoroughly coated to the extent of the primer’s penetration and after 
curing will provide a firmer support for the super-imposed carpet. Thus, 
the primer will strengthen the waterbound by virtue of its penetrative and 
binding properties. 


(2) In the case of dusty aggregates, such as kankar, sandstone, 
laterite, etc., a primer can absorb the surface dust and can even penetrate 
into the metal itself. Application of a primer in such a case will result 
in better adhesion of the subsequent binder on to the metal of the base. 
Using a heavy binder, without priming, adhesion will be unsatisfactory 
and peeling of the carpet will most likely take place. 


(3) In laying premixed carpets less tlian two inches in thickness, a 
tack-coat is generally specified. A primer would be a more suitable 
material than a heavy binder for the following reasons: — 

(fl) A primer by virtue of its penetration will increase the 
effective depth of the carpet, as tlie penetrated depth will 
be cemented to the carpet, and making the whole more 
resistant to the action of traffic. 

(6) With a heavy binder on water-bound surface the rate 
of application would necessarily be heavy. Under traffic 
the surplus bitumen would be squeezed into the top 
carpet making it over-ridi in bitumen. Corrugations and 
bleeding would ultimately occur. If, on the other hand, 
a primer is used for Uie tack-coat, the water-bound 
will absorb it, leaving a thin sticky film , on the surface 
for tacking to the carpet to be laid. 
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(4) For roads having stibsoil of high capillarity, application 
of a suitable primer is effective in checking the rise of subsoil water. 
For this purpose a very thin and slow curing primer should be used. 
Best results would be obtained by applying the primer on tire sub-grade 
before laying the stone metal. 

Reference may be made here to a method originally suggested 
by Mr. C.D.N. Meares for arresting subsoil moisture. The method, 
described below, is suitable for re-sectioning as well as for original 
construction off the water-bound course. 

(i) Dress the base to proper grade and camber. 

(i 7 ) Spread the blinding material required to fill up the 
voids of the macadam, on tlie dressed base. Usually, 
1/4 inch thickness is required for every inch thickness of 
the waterbound. 

(Hi) Add water and a slow-curing cut-back asphalt to make 
a slurry. 

(lu) Now spread the metal and roll. 

' (t») Water and roll until the slurry works up to a point 

1/2 incli below the surface. 

(vi) Spread sand at 2 cubic feet per 100 square feet and 
roll. 

(vii) Allow the road to dry for about a week. 

Iviii) Apply a medium curing primer cut-back asphalt and open 
the road to traffic after 12 to 24 hours. 

(ja;) Apply the second coat with a heavy l)inder within a 
period of 2 to 6 months. 

Other cases where the use of a primer is an advantage, if not a 
necessity, are enumerated below : 


in summer. 

In such cases, a primer of low viscosity, used cold, f 
spread at the desired rate with or without f “*1, f*. '“te- rate 
would facilitate the spreading of the subsequent ^tudej at desired rat^ 
Though the total amount of bitumen may be more than that for a a g 
“pilSirf atote. yet there ehopld I" Meedmg, at the 

water-bound base would absorb most of the primer applied. 

(6) I„ the ease of gmvel foads, U.ere ““StaJ’S 

interlock as with, water-bound , ^riie gravel particles will 

roads, if vigorous cleaning is done hand, the g l 1 

work loose ahd the painted carpet will he over a roc* t. 
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extreme cases. The correct way seems to bond up the gravel base by 
impregnating the blindage with a primer, and then to surface-paint 
with a heavy binder. 

(7) For roads where segregation of bullock cart traffic is possible, as 
in North Bihar or Bengal Duars, application of primers alone will 
be adequate, economical and effective for carriage-ways for motor 
and other pneumatic tyred vehicles. Sand, cinder or road-side dust 
containing not more than 20 per cent 200 mesh particles, may be used for 
blinding the primer. If the dust consists only of clay or silt, sand or 
cinders, preferably sand should be used. 

( 8 ) In cases of local bodies, whose funds are very limited, primers 
may enable the improvement to be carried on by stages, that is to 
say, the road may be given a priming coat using slightly larger quantities 
than usual, in orre financial, year, and by lajring the wearing course 
using a hearer binder and stone chips during the next financial year. 

Classification. A primer may have an asphalt or tar base. Asphalt 
primers are necessarily cut-back asphalts. According to the revised 
specifications for cut-back asphalts adopted by^ the Asphalt Institute on 
December 13, 1939, and published in the Institute’s Construction Series 
No. 51"' of January i, 1940, the following grades are recommended for 
use as primers : 

“ Tightly bonded surface MCo 

“ Doosely bonded fine-grained surfaces . . MCi 

" l/oosely bonded coarse-grained surfaces . . MC2” 

It may be noted that all the cut-back asphalts recommended by tlie 
Institute are medium-curing. The distillation ranges in the new specifi- 
cations for MC materials are given in the graph on tlie next page. 

The rate at which a certain cut-back asphalt will cure, when applied 
on tire road, is indicated by its distillation test. A cut-back asphalt rvhicli 
on distillation yields a high percentage of distillate at a relativelv low 
temperature will cure or set more rapidly than one which would yield less 
quantity of distillate at tliat particular temperature. Again, a cut-back 
which yirids a higher percentage of distillate at a relatively high temp- 
erature will be slower curing than that which would yield less quantity 
of distillate at the same temperature. 

It has, how'ever, been found that the distillation test does not indi- 
cate as dosely as it should, the rate of curing under actual road conditions. 
Yet it is the best available means at present. 

Dow viscosity road tar is sometimes used as a primer. For a recent 
^periment with cold primers conducted by Mr. W.D. Murrell, Superintend- 
ing Engineer, Bihar, Cold Tar Primers .-have been manufactured and used, 
probably for the first time in India. Tip report on the investigation of the 

» India)i Bonds Congress Library Catnlogdc No.' I RO 111 (x). 

- ■i Vi'* * 


Paper F — 40 


83 


behaviour of this and other cold primers will, it is believed, be included 
in the Report of tlie Tediuical Sub-Committee to tlie Council. 



Some Kngiucers are in favotir of using road oils for priming purposes. 
But, the objection to tlieir use as such may be evident from their composi- 
tion and the method of Uicir manufacture. As I have already jmintcd out 
at the last session of the Congre.ss, Road Oil or Residual Oil is obtained 
from fractional distillation of crude petroleum or crude oil, as it i.s com- 
monly called, after the lighter fractions have been removed. It is, there- 
fore, a conibiuation of asplialt and lieavy oil which is non-volatile at 
ordinary temperature, whereas, cut-back asphalt primers are manufactur- 
ed by dissolving asphalt principally in light volatile solvents. It may, 
therefore, be aj)prcciated Uiat residual oils arc necessarily slower-curing 
materials than cut-back asphalt i)riniers. Also, they cannot penetrate ns 
deep as a medium curing cut-back asphalt, in view of the higher viscosity 
of the heavy residual oil contained in them. 

When a cut-back primer is applied on the road surface, it readily 
penetrates, depositing its asphaltic contents almost evenly throughout 
the penetrated depth, the volatiles being absorbed by the underlying 
fines. 


The evenness of ijenetratiou has been noted upon taking up samples 
after treatment for test and is al.so shewn from laboratory tests, mentioned 
hereafter, carried out by Mr. W. H. Fousbeo, Jr., Bituminous Engineer, 
North Carolitia State Highway Commission, U.S.A.. 

With slow curing materials, suc^li as road oils or residual oils, there 
is little evidence of differential absoi^j;ion and the result is the formation 
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of a somewhat soft or spongy layer of treated material on the surface. 
In the opinion of Mr. W. H. Wood, Engineer of Material and Tests, 
Texas Highway Department, U.S.A., "This spongy layer ^defeats the 
function of the primer which was to harden the surface as well as to bind 
it together,” vide his paper presented at Eleventh National Asphalt 
Conference, Memphis, U. S. A., December 1937, Published by the Asphalt 
Institute, New York. 

In view of its containing a relatively high percentage of heavy oils, a 
road tar would behave in the same way as the road oil, but the lighter 
oils in it would carry a certain percentage of bitumen into the road. 
The results with cold tar primers are not yet known. 

Characteristics. As regards characteristics and action of primers, 

I believe the following comments by Mr. W. H. Foushee, Jr., ’‘■Bituminous 
Engineer, North Carolina State Highway Commission, U. S. A., will be of 
interest; — 

“A prime material should possess satisfactory penetrating and bonding aiialities, 
act ns a seal and at the same time adhere to the nest application of bitumen 
BO as to form a homogeneous mat. 

For a prime material we have found that asphalt base stock mixed with proper 
solvents answers the purpose. We have also found lhat the asphalt is earned 
by the solvent to the extreme depth of penetration which tends to strengthen 
the base and give it more flexibility as is desired in low cost pavements. 

In order to prove this theory, CKpcrimontal tests were made by oijr Chemical 
Laboratory on various types of soils from active projects. The soils used in 
this work had an average clay content of thirtythree (33) per cent and 
approximately seven (7) per cent moisture. Care was taken to npprox|mnto 
the conditions encountered on construction ns nearly as possible. Uniform 
piessuro was placed on test samples in accurately measured_ moulds and 
asphalt prime was applied at approximate r.'ite of one-third of a gallon 
(U. S. A.) per square yaid (approximately 3 Imperial gallons or 30 pounds 
per 300 square feet Author’s Note). 

After six days the samples were examined and the penetration was _ found to be 
very uniform having re.ached a depth of six tenths (O'G) of an inch. Careful 
samples wore taken from top three tenths (0'3) of an inch and from the 
bottom three tenths of an inch and bituminous contents determined by 
extraction with CSj and by ignition. Deductions were made for natural 
loss oil ignition of niicoatcd material. It was found that the average bitumi- 
nous content was as follow:— 


By extraction with OSi Top layer 

.. 

3'67fi 

By extraction with CS 2 — Bottom layer 


3-31 

By ignition — Top layer ... 

... 

3’335i 

By ignition— Bottom layer 

.. 

2-08% 

Solid Asphalt left after removal of OS 2 solveiit- 

-Top layer 

2-03 

Solid Asphalt left after removal of CS 2 solvent 

- Bottom layer 

2-37 


From this data it is obvious that the asphalt is carried to the full depth of 
. penetration." 

Treatments, (i) For water-bound macadam, an application of 25-30 
pounds (2’3 to 3 Imperial gallons) per 100 square feet should be recom- 
mended, though it is possible to apply, primers at much lower rates. But, 
inadequate priming is inadvisable for, the following reasons : — 

* Vide Paper presented at Tenth -Annual Asphalt Paving Conference, New 
Orleans, TJ. S. A., December lD32, Published by. thctAsplialt Iiistitnic. 
New York. 
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{a) With insufficient primer the required depth of penetration 
cannot be obtained. The requisite strengthening of the 
water-bound and proper anchorage of the wearing course 
would, therefore, not develop. 

At a fixed rate of application of the binder for the wearing 
course more of this will be taken up to cover the base 
treated with inadequate quantity of primer, and thus the 
quantity of binder required to hold the stone-chips 
cover-coat interlocked would be inadequate, leading possibly 
to disruption of the wearing course under traffic. 


The recent tests carried on at the Government Test Track, Calcutta, 
bear out this argument. The particulars of these tests, it is believed, may 
be included in the report of the Technical Sub-Coinraittee to the 
Council of the Congress. 

(2) For Clay-gravel road, the following treatment which was used 
in South Carolina, (U.S.A.), should be satisfactory; — 

“ The rofld selected for this experiment was clay-gravel .surfaring having a 
clay content of appro.rimatoly tliirty per cent. The existing surhice was 
thoroughly cleaned of loo.se particles and dnst for the entire width of treatment 
by sweeping with a revolving broom supplemented wilh hand brooms. After the 
Kurfaco was thoroughly cleaned and showed no signs of free moisture, an appli- 
cation of asphalt prime was applied at the rate of ono-thiid of a gallon per 
square ynid (approximately S Imperial gallons or SO potmiis per 100 square feel, 
Authors Nolo). I noticed in particular the penetrating qualities of the asphalt— 
within two hours after first load had been poured penetration of from one-eighth 
to one-half of an inch was oncountcrea. 

The prime was allowed to dry in from three to forty eight hours depending 
on the character of soils and wcalner conditions. Generally, we kt the prime dry 
in about five hours at which time we could drive over it without same 
picking rtp. On this phase of the work we found that the asphalt prime is 
advantageous in not slowing up next application. 

The prime was followed by an application of heavy asphalt eut-back having 
a base of cightyfivo to one hundred penetration and _ Furol viscosity of from 
220 to 280 at 200'’F. This application was followed wilh an application of local 
washed sand gravel ranging in size from one inch down at tlic latc of 
thirtyfivo to forty pounds to the square yard. After the application of washed 
gravel had been uniformly spread and dragged with a broom-drag, it was 
moroughly rolled with n 5-ton roller until all gravel had embedded in the 
asphalt. Tronic was allowed on this project within two to three days after 
itiind been completed. The broom-drag was kept on sections that had not 
entirely set to keep the gravel cover uniformly distributed.” 


Recently, the author treated a inoorum (which is similar to clay- 
gravel) surfaced road in Chaibassa with a medium curing cut-back 
asphalt and noticed that the penetration was over one-half inch with 
application at the rate of thirty pounds (3 gallons) per 100 square 
feet. The seal coat was applied with a heavier cut-hack asphalt blinded 
with a mixture of two cubic feet of screened moorum and one cubic 
foot of sand per 100 square feet. No rolling was done and the road was 
opened to traffic after a week. The.results so far are encouraging. Fur- 
ther details about .this work may be available from the District Engi- 
neer, Chaibassa, who was present throughout the experiment and has 
kept careful record of the treatment>and observations. 
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I ]iave so far discussed the action of primers on water-bound roads, 
for which purpose these are principally used. But certain cut-back 
asphalt primers have also been used successfully on bitumenized road 
surfaces especially on old hard and polished ones. In view of their 
penetrative qualities, the primers act as a reviver and afford a tacldng 
medium for the subsequent repaint. In laying premix carpets over a 
painted surface a cut-back also has its usefulness in providing such a 
tacking medium. 

In conclusion, I would like to state tliat the object of this 
paper has been to place before the Congress some information, of work 
in India and elsewhere regarding the uses of primers and to initiate 
discussions on this important subject. Though I have mentioned road 
tars and cold tar primers, I have confined my paper mostlj' to asphalt 
primers for obvious reasons. I hope that some other member of the 
Indian Roads Congress will come foru'ard with a paper or further detailed 
notes on the uses of Tar Primers to supplement this paper. 
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SEVOKE BRIDGE 

BY 

John Chambers, O.B.E., M.C., A.M.r.C.E., I.S.E., 
Superintending Engineer, Darjeeling. 


General. — ^The Sevoke river which is a typical hill stream in that its 
waters rise in the space of an hour from a few inches to a raging torrent 
of feet has taken its toll of more tlian one road bridge. In 1912-13 the 
railway up the Teesta Valley was constructed and the stream of the 
Sevoke river must have followed along a different alignment from tliat of 
the present, for it takes almost a right angle turn to pass under the railway 
bridge. As events turned out, it was unfortunate that the stream was 
allowed to change its course in the way it did. 

A number of road bridges across the Sevoke have been washed away 
due to the erosion of the Teesta and to exceptional floods in the Sevoke. 
With the development of road communication, the necessity of permanent 
crossing became more urgent. So, in the year 1932, a proposal to build a 
low level causeway across the Sevoke, about 100 feet below the railway 
bridge, was submitted to Government. This was in the end considered 
to be unsuitable and it was decided to construct a bridge of 100 feet span 
(i.e. with a clear waterway equal to the railway bridge). As fuuds were 
limited, it was decided to construct a fixed arch, this being about the 
cheapest type of construction for large spans, assuming, of course, tliat 
the foundations of the arch could be shallow and tliat there existed 
necessary protection upstream to keep the stream in its then position. 

The road bridge was completed in 1934. On the night between the 
sixth and the seventh July 1937, a cloud burst occurred and the recorded 
rainfall during the night was 18 inches. This was a minimum value as 
the rain gauge had overflowed. The stream, having changed direction, 
i impinged on to the Sevoke abutment of the railway bridge causing its 
i collapse. With this collapse the railway girders fell and acted as a further 
deflector to tlie main stream. This deflection sent the main stream behind 
the arch abutment of the Public Works Department bridge producing deep 
[ scour and consequent yielding of the abutment and failure of the arch. 

’• The author admits that the choice of type was unfortunate, as, had the 
. reactions been vertical, the road bank w’ould have been breached but tlie 
bridge would have escaped damage. It must be remembered, however, 
that the railway bridge had been in that position for 25 years. 

! After the collapse, the question of-re^bridging the Sevoke was taken 
'up and various suggestions were put forward. In order to determine the 
best position for a bridge across ' .the Sevoke, an extensive survey was 
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undertaken. From this it was seen that the natural opening at Sevoke 
was the only place for a bridge as the stream opened out above this 
natural gut and formed a large flat delta. This survey also showed that 
it was out of the question to go upstream to find a narrow channel and so 
it was decided to build about 400 feet above the railway bridge. This 
decision was further influenced by the fact that the Teesta river was 
already heavily eroding its right bank so that the question of bridging 
below the railway bridge would have brought the bridge site far too close 
to this river. 

The author was asked to submit a scheme for a bridge and drawing 
No. 5 shows his proposal. 

This type of bridge, entirely novel to this country, which was at 
first received with some doubt, was finally decided on. 

The following are the points to be considered when bridging a 
stream of this type: — 

(1) The stream must be stabilized. 

(2) Floatation of timber must be stopped as far as possible. 

(3) Cheapness as regards both cost of construction and maintenance 
must be aimed at. 

As regards (i), the tendency of the river was to have a cross-fall 
tow'ards the opening in the railway embankment. This naturally produced 
a deep gut along the edge of the forest causing trees to fall and thus pro- 
ducing further trouble. 

When work was commenced, it was seen that the cross-fall was 
about 7 feet towards the Sevoke ade. In order to correct this, a re- 
inforced cofier-dam (see drawing No. 7) was sunk along the entire width of 
the stream. Unfortunately the foundation work could not be completed 
before the rains started. 

An early flood (about 8 feet deep in the main channel) brought down 
large trees, some of which actually came to rest on top of the collapsed 
ardi bridge immediately below the railway bridge. Once the flood sub- 
sided, it w'as essential to take in hand the necessary training works as the 
tendency of the stream was to outflank the concrete foundations and 
to cut through the new embankment. Once the coffer-dam foundation 
was closed and the approaches protected, the river could not form a deep 
gut and, consequently, stabilization of the river could then be com- 
menced. 

As regards (2), floatation could not occur without sufficient deptli of 
water. This point was clearly demonstrated as after the first 2 or 3 
floods, no drift timber of any kind was brought down the river. 

* .jt 

As regards (3), details regarding cost will be giyen later, but 
it will be obvious that a series ^f small - spans, where form-work 
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can be standardized, is bound to be cheaper than large spans with expen- 
sive foundations. 


CONSTRUCTION. 

In order to speed up Construction, steel form-work, sufficient 
for two 30 feet lengths of coffer-dam were purchased, (see figure i). 

As the total length of the coffer-dam was 300 feet, it was de- 
cided to sink in sections of 30 feet leaving a gap of 10 feet between 
sections, which was filled in after the adjoining sections had been 
sunk to the correct depth, (see figure 2). 

In order to protect the concrete against corrosive action, all 
faces of the coffer-dams were coated with bitumen before commencing 
sinking. 

De-watermg was carried out by portable centrifugal pumps driven 
by Lister diesel engines. The pumps had a joint capacity of about 

1,00,000 gallons per hour and they had to work full bore in order 

to keep down the water when closing the gap between two sections. 

Although the surface flow was small, tlie under-ground flow was verj' 

large and considerable trouble was experienced in keeping the water 
level below the bottom of the coffer-dam. The sinking gave trouble 
due to submerged trees, large boulders etc. (see figure 3). 

Once the coffer-dam had been sunk, the compartments were 
filled with sand and gravel, well watered and rammed. After this 3 
inches of weak concrete was placed on top of the fill so as to give 
a clean surface on which to erect the reinforcement for the base 
of the culvert, (see figure 4). 

Immediately the base had been cast, steel forms for vertical 
members of bridge were placed in position, (see figure 5). The forms 
were stripped after 24 hours, re-erected and filled with concrete. Owing 
to the late start, it was not possible to get the complete base slab 
finished and consequently Uierc was a gap towards the centre which 
meant that the base at this point was 9 inches lower than the re- 
mainder. 

These figures clearly show that the stream is tending to stabilize, 
as it is flowing almost across the full length of the coffer-dam. At this 
stage, the main stream was flowing along the Sevoke bank and protective 
works had to be carried up stream for about half a mile in order to 
protect the bank. 

. The protective works required considerable attention and, consequent- 
Ij', progress on the bridge proper was delayed. Once the .stream had been 
^more or less stabilized, work was re-(i)mmertced, the walls being erected on 
the already completed bases and at later stage,' the top slab was also 
completed, (see 'figure 10). 
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During high floods, scour along the face of the coffer-dam occurred on 
the down stream side, this was immediately filled up with boulders to 
prevent the foundation of the coffer-dam from being exposed. It was 
seen that the maximum depth of scour was approximately equal to the 
height of water above the base slab at that point. The maximum scour 
was very local and quickly died away. Fig. ii shows a cross-section of a 
typical scour. 

It was also noticed that the boulders were moved when the stream 
was in high flood. In order to prevent this the top foot of boulders were 
placed in wire and at a later date covered or rather the voids filled in 
with weak concrete so as to keep the wire in position and also to some 
extent to prevent corrosion. Fig. xia shows the protection against scour 
on the down stream face of the coffer-dam. 



GENERAL DESCRIPTION. 

The bridge is a reinforced concrete framed structure resting on and 
connected to a reinforced concrete coffer-dam. Total length of the bridge 
is 330 feet, each span being 10 feet. It is designed to carry two lines of 
traffic, the distance between wheel guards beiug 18 feet. The bridge runs 
on to a hill-side cutting at Siliguri end, and on the other end is an earth 
embankment. To reduce the cost of catting and embankment, the bridge is 
made on a grade of i in 30 down from Siliguri end. Expansion joints on 
top slab are provided at each no feet interval to allow for temperature 
variation. Drain holes at intervals through the top slab at the wheel 
guard edge and a 2 inches cross jcaraber to "the road surface effect the 
efficient drainage of rain water. 3 feet high pipe railings ,with Reinforced 
Concrete pillars are provided througiibut the bridge.. 
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COFFER DAM. 


The coffer-dam, which runs throughout the length of the bridge, 
is 10 feet deep and consists of two walls 20 feet apart connected at 
every 10 feet by cross walls. All the vertical walls of coffer-dam are 
9 inches thick with cutting edges at bottom. Weak concrete is provided 
over the filling of coffer-dam. Over this, resbs the bottom slab of the 
bridge proper. Reinforcements used are mostly 3/8 inch round bars, 
whi^ continued from coffer-dam to the bottom slab and vertical wall 
of the bridge proper, in order to effect good bonding between the 
superstructure and the substructure. In case any settlement occurs 
in the foundation due to scour etc., walls of the coffer-dam will act as 10 
feet deep beams and carry the superstructure. For this reason, all these 
walls are provided with requisite amount of top and bottom reinforcement 
and properly stirruped. 


BRIDGE. 


The structure is a Reinforced Concrete rigid frame consisting of 33 
ten feet spans. All the members of the frame are made 9 inches thick, 
so that the moment of inertia of the members is constant. The top, 
bottom and vertical slabs constitute the different members and to ensure 
rigidity of joints, l' x l' haunches are provided to these slabs at every joint. 
The length of vertical members varies from 25 feet to 15 feet, the leng t hs 
of top and bottom members are constant and equal to 10 feet each. At each 
expansion joint, the slabs on both sides of the joint are made free to slide 
on top of column head. The bearing on top of the column head consists 
of a raised ridge made of cement mortar and the space between and 
the joint in slab is filled with bitumen and sand in the proportion of 
2:r to act as shuttering and to allow movement of slab. 



In the design, the fixed 'points of the frame and different distribution 
factors are calculated according to^jthSi method given by *' Suter ". The 
Bending Moment diq^ams are dra^iin in the ordinary Way, t3rpical Bending 
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Moment diagrams and the distributions for concentrated load as well as 
for uniformly distributed load are given in Drawing No. 3. 

The following stresses are considered in the design 

(1) Stresses due to dead load of the structure. 

(2) Maximum stresses' due to I,ive Doad. (Either a ten-ton Steam 
Road Roller or a line of 6-ton lorries, whichever produces 
maximum effect). 

(3) Stresses due to variation in temperature. 

(4) Stresses developed due to braking effect of vehicular traffic. 

At each section, these various stresses are combined to give maximum 
effect and designed for the same. To avoid excessive horizontal thrust of 
earth at both ends of the bridge, the bottom slab is made inclined at an 
angle of 45 degrees to the horizontal. (The angle of repose of earth is taken 
to be 45 degrees). Therefore, stresses due to earth pressure are not taken 
into account. The top and bottom members are designed for simple 
bending, while vertical members are designed for combined bending and 
thrust. 

The road surface consists of a 2 inches wearing course over 1/4 inch 
Bitumen laid over the top slab. Wheel-guards are made of Reinforced 
Concrete and the railing consists of 2 rows of 2-inch pipes running through 
Reinforced Concrete pillars at intervals. To prevent abrasion of the 
bottom slab by flowing sand, gravel and boulders, a z-inch wearing course 
is provided on top of the bottom slab throughout the bridge. 


SPECIFICATION 


Steel : — ^Mild steel tested to British Standard Specifications allowable 
stress =16,000 pounds per square inch. 

Structural concrete Crushing strength at 28 days for reinforced 
concrete work (average of 3 specimens-iz inch high and 6 inch diameter) = 
3500 poimds per square inch. 

Wearing course : — Crushing strength at 28 days (average of 3 speci- 
mens-i2 inch high and 6 inch diameter) -=4000 pounds per square inch. 


OTHER DETAILS 


.The cost per squ^j^ant o^'^^ation area (b ^'Sfig V- with Reinforced 
and the bottom ^^;frc~Dfl'&gc.. * 
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Kijnirc 0. 

After the next flood, the river changed its course and the main 
stream ran along the Siliguri bank. As this bank is very low, protective 
works were considered necessary and a sausage was placed at A. 



Fignre 10. 

i.wiii" 1' . completed top slab. 
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DESIGN. 


NOTATIONS. 


A Be 



Fig.! 


3, 3, 4 etc. are the members of the frame considered 

A, B,C,D. .etc. are the various nodes or joints 

I3 . .etc. are the respective lengths of members j,aj. .etc., 

7i, 7s, Jy .etc. are the respective Moments of Inertia of members i, 2, 3 . , 
etc. about their neutral anes. ’ ' 

P is the angle which a member 
makes at B with AB, when subjected 
to a unit moment {M = i) applied at A, 
taking the member freely supported at 
both ends A &B. 



When the moment of inertia of the member is constant throughout, 


we have as follows : — E0= 



where /= length of member, 7 “Mo- 


ment of inertia about neutral axis, Elastic modulus. pi,p2,p3. .etc, are 
for respective members i, s, 3. .etc. 


f— b 3 — 1 
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<1:* is the angle, which a member makes at A with AB, when sub- 
jected to a unit moment (Af* = i) applied at A, taking the member freely 
supported at A and fixed at B, 


When the moment of inertia of the member is constant throughout 
we have as follows : — 



where /, =. length ' of member 
and by ,<= distance from B of 
the adjacent fixed point. 



n angle of rotation of a joint A, consisting of members 
I. a. 3. 4.. .n, when a unit moment (M^ =1) is applied to the joint, and we 
have as follows : — 



ej is the angle of rotation of support A (member r), when a unit 
moment (M* =1) is applied to this support. This is required in calculat- 
ing the fixed point distance 'a*. 

Similarly ej is "for support B. 



Pig. 4 — 4 d 

In figure 4C, at Node A, the support for member i consists of a joint, 
of memoers 2, 3, 4. . 
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e“ is, therefore, the angle of rotation of a joint consisting of mem- 
bers a,3,4. Hence 

— A 

®i ''2-3-4 

Fixed points ’a’ and ‘b' 

for any member, denotes the distance between the left or bottom 
joint and the adjacent fixed point of the member considered, a,, «j, n, etc. 
are for the respective members 1,2,3 etc 



•b', for any member, denotes the distance between the right or top 
joint and the adjacent fixed point of the member considered. J,, &j, etc. 
are for the respective members 1,2,3 ^tc. 


When the moment of inertia of a member is constant throughout, 
we have as follows: — 


I 



where I is the length of the member considered, e® 
and p denote angles as explained before. 



Transference Factor 

Moment (fig. 4c) produces at A, moments M^, and in 
the respective members 2, 3, 4, the directions being shown by arrows ^n 
fig. 6. For equilibrium of joint. „we have 
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and also, we have 



Moments M* , are each less than Af *, 

Factor , — L Js called the transference factor, from member i to 2 and is 


denoted by 


So that we have. 



A %3.» 

H-It “ A 


All calculations are based on the following assumptions: — 

(i) All joints of the frame are rigid, hence there is no relative 
change of angle between the members themselves. 

(a) Movement of joints are possible due to rotation only and no 
movement due to translation. 


For further references, please^r^er " Methode der Festpunkte " by 
Ernst Suter. 


0 $ 


Paper G — 40 




Paper G — 40 


99 


CAI,CUI,ATION OF STIFFNESS FACTORS 



6/1 

i 8'33 

IT" 

3*o6 
■ / 


h 

18*00 

3-00 

“6/,- 

6/ “ 

J 


17*67 

w 

2*95 

“" 7 ~ 


£p 4 

I 7’33 

2*89 


~ 6/ 

“ / 



17*00 
“ 6/ 

2*83 
" / 



10*00 
” 6/ 

1*67 
' / 



CAECOEATION OF FIXED POINTS 


point. 


Since there is an expansion joint at F, the members are free at this 

«,=:0 and },<=o 

h 


r6y , 

'Tf < 3 - 


10 


10— 0 


) 


-i:^y2«5:34_ 

“ EJ EJ 

Before ■we can proceed further we have to assume values for some of 
the fixed points. These assumed values will finally be calculated accurate- 
ly and altered where necessary. 

Assume, 6j= 5-25 feet. 

63=5*17 feet. 

64—5*07 feet. 


•4*98 feet, 
» 2*40 feet. 

»P,(3- 


h-h. 


3*00/ , _ 18*00 \ 

1^*00-5*25 / 

~js—\ 

' j V 10-2*40/ 
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xr68-?^- 


B _ 
''a-11 


B , _D 
Tj +-1:11 


477X2‘8i _ 13*40 ^ JlTL 

\K/(4*77+2‘»’^) 7*58£/ EJ 


'II 


I 






10 


3 + 


1*77 

1 67 


= 2^ =2-46 feet. 
4*06 


= w 

3" ^3) 

„2*95 ( 3-„ yj7 \ 

£/ \ ^ 17-67- 5*17 / 

^2-95xt-«;o =1^ 

= ^XI59 £/ 


3-12 


X^^ll 

“''a+'^n 

4-6q X 2‘79 
" £7(4-69 +2*79) 


13*99 

7-48!£7 EJ 


a 

818 


«M = - 


z 


11 . 


®13 


10 




— ?2- = 2-47 feet. 

4*05 


?•( 

2*89 /" T ^7*33 \ 

’~EJ\ 17*33—5-07 / 

.2;89^^ 

=';^XI59 EJ 
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1-67 / 

"irv 


3- 


_2£_) 

10 -2*47/ 


_ 

“'I7 


Xi*67 


2*79 




xrxT 


ts 


'ty + Ss 

4- 60 X 2*79 

“E/(4'6 o+ 2*79) 


3+- 


CM 

P.4 


, 12*83 
r39^/ 


174 


es« 6 


a 

t4 


10 10 


1*74 404 

HT 


2*47 feet. 


The values of fl,j will now be practically the 

same as »= *2*47 feet. 


As the frame is more or less reversible in character excepting mem- 
ber 6, for other top horizontal members we can assume the fixed points 
to be the same as those of the corresponding horizontal members at the 
bottom. 


From symmetry, we can also assume 
6,5=0,5=2*47 feet. 

_ i*67 / 10 \ 

° £■/ V 10-2*47 / 

..67 - iP- 


14 


/3.4 


EJ 

JiJ \ ^ 10-2*47/ 


■ ^ 1*67 

m 


Xi'fiy 


2*79 

~EJ 
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_ 279x279 


W79+279) 5-58 £/ 

. L 


778 _i'40, 


EJ 


3+- 




17-00 


3-f-- 


4-86 feet 

i‘40 3*49 

2-83 

2^83/^ 17-00 




2-83 

'EJ ^^’59“;^ 

^ 1^10 


I7'00— 4-98 

4'5o 


) 


't-is 


t . t 
*^6+ “'is 


4-30x2-79 12*55 172 _.b _E 

' — — _ ^ J. — g t 


' £7(4-50+2-79) " 7*29 
. A. 


r 

3+-|^ 

Pm 

10 


10 


3 + 


1-72 4-03 


.2*48 feet 


1-67 

I-67/.. 10 A 

“E/V 10-2-48/ 


EJ 

1-67 , 

“EJ ^ ^ 


-2-48 I 

2-79 


‘'is“Pn( 3 ) 

1-67/ 10 \ 

“E/ \ ^ 10-2-47/ . 

’^W JSJ 

T°XT® 


_D 

^lS-14 




14 


2-79x2-79 778 _^* 4 °_ 

rE/:^-794.2-79)~'5'58fj7 ^7 
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a.= 


h 


3 + 


a. 


^4 

1733 

1*40 


I7’33 


4’97 feet. 


3 + 


■ 3*48 

'2-89 

?'=p4(3-i;:r^-) 

_ 2 ‘ 89 / 1733 V 

£/ \ ^ 17-33 -5 07 / 

2-89 


=^"xr59 
-^4 x-rP* 


17 - 33 - 5-07 

_4'6o 

~'eT 


*'4-14 


D . D 

-c* +1:, 




'4 ^ ‘•14 

460 X 279 
£/(4-6o+279) 
L 


I 2'84 

‘ 7 - 39 ^/ 


174 

■£/ ' 


'IS 


3+ 


D 

g|3 

Hn 

10 


3+ 


1-74 


10 

4-04 


= 2'47 feet 


“IS 


1-67 

pXs— T^ 5-) 

' *15 ‘'13 

10 \ 

~ E ] V 10-2-47^ 

=g7^r67 


10-2-47/ 

?7? 
£/ 


_I- 67 y 10 V 

~2i/ 2 ’ 46 / 

_ i -67 


' E ] 


Xl-67 


.179. 


^12-13 


''n X <1 


•ja 


■^52 + 

_ 279 X 2-79 7-73 _ l* 40 , ^ 

~ EJ (2-79+ 2-79) “s-SSE/^JJ/ ^ 

h 


.3-t- 


ft 


% » 




Paper G— 40 


I7'67 


r5*o8 feet. 


t,-P. (i—ips;) 


•Ca ^ '^la 
» “ “tS + ''is 

4-68X2-7q _ 13-06 8 

"£/ (4-68+279) 7 ‘ A 7 ^J ” 

i a - 

hi b 

10 

') 

~EJ 10-2-47' 

^i=Pn(3-7;;!^) 

■“£j V 10-2-40 ' 

1-67 CO 

„ 'xi68 


TnXxPs 

''11-12” 


->>11 "w 

2-81X2-79 _ = ® s 
■^•81+2-79) ^J *•' 

i^-^^ 



38-00 _i 8;?2 = CIO feet. 

r?40 3-47 

3+300 
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i8-oo 


18-00-5*25 

4‘77 


) 


3'oo 

= ^x 1-59 


T® ”^a X “Cig 

= 477x2-79 _x'76_ 

(4-77+2-79) EJ 7-56 EJ~TJ ~ 

b ^11 

"11= 


3-t- 




3 + 


10 10 
1-76 ”4-05 ~ 2-47 feet. 


1-67 


1-67/ 10 V 

~~ EJ \^ 10-2-47; 

- £•/ 


279 

£y 


.A _ 


'- 11-16 = 


''^U + Tll 

2 •79x2-79 778 1-40 


■(279+279)^/ 5 ’ 58 -E 7 EJ 




e® 

3 + 57 


Pi 
i8'33 


x 8-33 


1-40 


3-46 


=5'3ofeet. 



io6 


Paper G — 40 




IG 


''1-ie 


x,+t 


16 


6'12 X 279 17*07 1*92 


<!.. = - 


“(6*12 +2*79)£7 8*9i£7 EJ n 

L 


3 + 


a 

^11 

10 


10 


r92 415 

1*67 


= 2*41 feet. 


= 

3^0/ i8*oo \ 
“£/ \ ^~i8*oo— 5*19/ 

-Ip.. 60.05 

x? =P,( 3- J^) 

Wj 10-2*47 ' 

1*67 . 2*79 

?xi- 67_02 


t° • 
^2-7 


T. +T 7 


13'39 176 i» 


4*80x279 

' (4S0 + 2*79)£7 ” fWJ “ 

?G_ 

b 

3+ *°— 

^ PG 


10 


1*76 
3‘*’ 1-57 


to 

4’05 


=2*47 feet. 


G 

X6 


z'f>7/ 10 \ 

'EJ N ^~io-o / 

1-67 


3-34 

’EJ~ 


•'6-7 - 


Gy G 

^f. ^^7 

*Cfi>X? 
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tof 




3 -34X279 _ 9-32 1-52 

■( 3 - 34 + 279 ) 5 / 6-i3Ef‘"EJ ‘ 

L 


b 

’82 


3 + 


P2 

i8‘oo 


3 +- 


1-52 


i8‘oo 

> • “ ■ e 

3-51 


.5-13 feet. 


3-00 


If there is any live load on member- 7, the tendency of member 6 
will be to lift at the point F. The member 6 will, in that case, act as a 
cantilever thus offering no restraint at the node G. But it is expected 
that tlie dead load of member 6 will be sufScient to counteract this upward 
tendency and hence in spite of the absence of any mechanical hinge at F, 
the member 6 will act as a span as if hinged at F, and will thus offer some 
restraint. The fixed point a, is calculated on this assumption. If, later 
on, it is found that there is some nett upward reaction at F, the restraint 
offered by member 6 will have to be neglected and the value of a, revised 
accordingly. 


^2-6 


'^2 +'=6 


4-80 X 3-34 1605 

(4-80 4-3-34) 8-145/ 



8? 


-£97,, g" 

EJ 


10 


o + £97. 

3 + 1-67 


10 

4-18 


= 2-39 feet. 


Previously tlie value of n„ has been calculated on the assumption 
that the point F of number i is free to rotate but fixed in position. Ex- 
cept for the slight frictional resistance at the joint, the point F of this 
member is also free to move laterally, in that case tliis member will offer 
no restraint at the node A and we shall now calculate the value of on 
this assumption. 


rA_ 2-79 


-a 


3-^ 


_L' 

10 


■3 + 


2-79 

1-67 


£L 

'4-67- 


=2-14 feet. 
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The actual value of will be something in between tbe value of 
2'4i feet calculated before and this value of 2'i4 feet; the exact magnitude 
depending on the amount of frictional resistance at F. We shall assume 
the value of 

<1,1 = 2‘25 feet. 


To begin with, we assumed a value of 2^40 feet fora,,, and thence 
calculated the value of a,y This slight difference in value of a„ may 
also alter the value of a,j, the effect on tlie values of other fixed points 
being negligible. We shall now recalculate the value of 


P"( 2 ) 


't(3- 


11 

xo 


10-2-25 


•) 


"f 

_3 00/ 18 00 

EJ\^ i8-oo - 5-1^ 


) 




4-80 

"W 


B _ 

'^2-11 B 


_ 2 




11 


I B 
^2 +'^11 


rtll 


_ 4-80 X 2-85 _ 
( 4 - 8 o + 2 - 85 )£/ 
_ii2 


13-68 _I 79 . 
7-65F/ EJ ' 


3 +— 


B 

'^ 11-12 


10 _ 10 

3^1X9 “4-07 
1-67 

2-85x2-79 
(2-85 +2-79)F/ 


= 2-46 feet. 


= 795 ^i’4i 

5-64£7 Ef 
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CAIXUI,ATION OF TRANSFERENCE FACTORS 


Node — 'A' : — 

iiA _ 1*40 

itou 'cfj Z 79 
l 4 -u =1-0-502 


0502 


=0-498 
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/‘ 


A 

Il-IG 



„I‘92 

aVg 


«=o‘C9 


iog 


If we neglect the restraint due to member i./i^ .= l oo; and hence 

taking an iutennediate value, we shall assume 

symmetrj'. 

/‘n-i =i-o-85=0'X5=Mfj., 


Node — 'B' 




-11 


Ml 


IM 


IM2 

B 

12-2 


/iD 

12-11 


ii-ie_r4i 

2-85 

I -o-4g5 

B 

**■2-12 

x“ 4'8o 

1-0-368 -=. 

•^Ml 170 „ 

t“ 4-8o“ “ 

1-0-373 


o'495 

0-505 

0-36S 

0-632 

0-37J 

0-627 


Node~‘C' .-- 


0.12 


3-13 


12-3 


ftC 

12-13 


13-3 


/i'- 

13-12 

Node — 'D' 


/i» 

' 1-13 



r-fo 

2-79 


I - 0-502 


T?-!?. ^ I'75 

T3^ -1-68 

1-0-374 


"^i-iy 



175_ 

4-68 


1-0-374 


•= 0-502 
■=> 0-49S 

= 0-374 

= 0-626 
“ 0-374 
0-626 


’’•13-14 


1- 40 

2- 79" 


= 0-502 
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i-U 


■X-0‘502 = 0*498 


= °-378 


13-1 


13-11 


= I — 0-378 = 0-622 


,P ^ = .l' 74 -= 0'<t78 

•\ i-i - 4-60 °370 


11-13 


= 1 — 0-378 = 0-622 


Node — ‘E ’ : — 


s-11 

'^S-lB 

/lE 
H-6 


-I 1-13 


'•11 


1- 40 

2 - 79 ~ 


0-502 


xE 

ll-lS 


£ 

Hs-i 


= 1-0-502 = 0-498 

T? 4-50 

O 

= 1-0-382 = 0-618 


±11 ..±72 


450 


0-382 


/*i5-i4“^~°’382=o-6i8 


Prom symiiietiy, the trausfereace factors at the nodes J, I 
will be similar to those at the nodes E, D and C respectively; tlie 
at node G will he slightly different to those at node B. 

Node—'G' 


tC -7 


2-6 


G 

'6 


= 0-455 


Tr 3'34 

>*2.T =i-0’455 =0-545 

,,G 


€7 


6-2 




6-7 


>1-0-367=0-633 


G 

'7-2 


7-6 


= J%i=^-|^=o-4i 
J2 . 

=1-0-41 = 0-59 


and H 
factors 
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DEAD EOAD MOMENTS. 

( 

For convenience in calculation we shall consider a foot-strip of slab 
and walls. 

Weight per square foot of deck slab (with wearing course): — 

9“ R. C. slab =75x150 = 113 pounds 

2" wearing course =140/6 = 24 pounds 

1/4" layer of asphalt say = 3 pounds 

140 pounds per square foot. 


Free bending moment at the centre of each span*= -g- 

= — g = 1750 foot pounds. 

Free reaction at the top of each support 

=> = 700 pounds (due to each span). 

Weight of each wall (average height = 17 feet say) 

= 17x113 = 1920 pounds. 

•. total dead load upward reaction on base slab producing moments 
• = 2 X 700 -f 2 X = 3320 pounds. 


free moment at centre of base slab (dne to dead load ) ■ 

3320 X 10 ^ ^ 

— — — s =4150 foot pounds. 


Wl 

8 


The moment diagrams have been drawn graphically (vide Drawing No. 
2) and the dead load moments tabulated on page 112. For ijractical pur- 
poses it will be sufficient to find the moments for members constituting 
the first two openings i.e., for members 1,2, 3,6, 7, ii and 13. The rein- 
forcements in members of tlie first opening may be slightly different but for 
practical reasons all other members rvill be made similar to the members 
of tlie second opening. 

In tlie following table we shall use the following notations : — 

Fj = point F of member 6, and so on. 

Ffi = middle point of member FG or 6, and so on. 

G| = quarter point of member 7; measured from G, and so on. 
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DEAD LOAD MOMENTS . 

Section. 

Dead load moments. 

In foot pounds. 

In foot tons. 

A 

nil 

nil 

A 

nil 

nil 

B, 

+70 

+0-03 

Ga 

-85 

— 0‘04 

c. 

nil 

nil 


nil 

. nil 

P . 

nil 

nil 

Pi 

+900 

+ 0*40 

Pfi 

+970 

+ 0-43 


+155 

+0-07 

G, 

-1560 

-070 

G, 

-1490 

— 0’67 


-60 

-003 ' 

G,H 

+480 

+0-21 


+ 150 

+ 0-07 

H , 

-1040^ 

—0-46 

A. 

-3130 

-1-40 , 

4 i 

+216 

+ 010 

AiB 

+1393 

+0-62 

bL 

+ 41X 

+o-i8 

Bi. 

—2710 

— I- 2 I 

B« 

-2893 

-1-29 

Bi 2 

+313 

1 

+0-14 

B„G 

+1360 

+ o - 6 i 

^12 

+324 

+ 0-14 

G« 

-2850 

— 1*27 
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DEAD LOAD REACTIONS 


Reaction at J 7 , 

From member '6' =700 = ^^^=700 — 156=544 pounds. 

total dead load reaction from two spans, one on each side 
=2 X 544 =io 8S lbs. =0-486 ton. 

Reaction at A\ 

Weight of wall = (18-33 - 0-75) X 113 = 17-58 x 113 

= 1987 pounds. 

total reaction = 1088 + 1987 = 3075 lbs. = 1-374 tons. 

Reaction at G„ 

From member '6' = 7004-^^^=700 + 156 =856 pounds. 

From member *7‘=7oo-h^- — — - =7004-45 = 745 pounds. 

.-, total reaction at = 1601 lbs. = 0-715 ton. 

Reaction at 

Weight of wall = (18-00 -.0-75) x 113 = 17-25x113 

= 1950 pounds. 

.-. total reaction = 1601 4- 1950 = 3551 lbs. = 1-585 tons. 

Reaction atH^ 

From member '7’ = 700 — 45' = 655 pounds. 

From member ‘8’ = 700 pounds approximately. 

.-. total reaction at 7/3=1355 lbs. = 0-605 ton. 

Reaction at Cj 

Weight of wall = (17-67 — 0-75) 113 = 1911 pounds. 

.-. total reaction = 1355 4- 1911 = 3266 lbs. = 1-458 tons. 


LIVE LOAD MOMENTS. 

The bridge is to be designed to carry per line of traffic, either a 10 
ton Steam Roller or a line of 6-tou lorries, whicliever produces the greatest 
stress on the member under design. 

In this case, for bending and shear, a lo-ton Steam Roller produces 
maximum effect. Impact is taken as 50 per cent for such short spans. 
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The roller is supposed to occupy a space of 25 feet along the length of 
the bridge ; the unoccupied space maj' be covered with a crowd load of 80 
pounds per square foot but as the spans of the bridge are onl}’’ 10 feet 
each, the effect of this crowd load will be negligible and hence to simplify 
calculations we shall consider the roller only. 

The details of the roller in its working condition are given below: — 
Weight of front wheel (without impact) = 4'30 tons, 

Width of front wheel = 4' — 0" 

Weight of each of the two hind wheels (without impaclj 

= 4-35 tons. 

Width of each hind wheel = i'— 6" 

Centre to centre of hind wheels = 5' — 0" 

Wheel base (or distance between two axles) = lo’ — 8" 

Hind wheels — 

Weight of each hind wheel with 50 per cent impact 

=1-5 X 4-35 =6-53 tons. 

Width of distribution= 2/3 (L+C), where 

I = span, and C=tyre width 
=2/3 (10 rr 50 )= 2/3 X ii- 50 = 7-67 feet. 

But the maximum possible width of distribution 

= distance between centres of hind wheels =5 feet. 


Therefore considering a foot-strip of slab as before, 

6'53 

load due to each hind wheel = -^= i'3i tons, nearly. 
Fro 7 it wheels — 


Weight of wheel with 50 per cent impact 
=I-5X4'3 =6-45 tons. 

Width of distribution =2/3 (L+C) 

= 2/3 (id-f-4) =2/3x14=9*33 feet. 

load per strip of slab = ~ o’Sg tons. 


We shall neglect the distribution in the longitudinal direction and 
consider the wheel loads as knife-edge loads. 


We shall now place the -wheel loads at different positions to give 
worst effects at the various sections and find out the magnitude of the 
moments from the graphical constructions for moment diagrams (vide 
Drawing No. 3). . - 
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Sectiou A , — 

(11) JIaximura positive moment— When one hind wheel is on member 
‘if about 4 feet from F= -ho'ia foot tons. CorrespondiiiK 
reaction at /J,= 6/10x1-31 = 0-786 tons. 

(6) Maximum negative moment— When one hind wheel is on member 
‘6’ about 4 feet from F=Maximum positive moment in 
magnitude= — 0‘i2 foot tons. 

Corresponding reaction at •= 0*786 ton. 

Section F , — 

(a) and (b) — The member being free at F the moments at this section 
will be nil. 

Section — 

(a) Maximum positive moment — When one hind wheel is on member 

‘7’ about 4 feet from C== +0-21 foot tons. Corresponding reac- 
tion at j5,=!o 786 ton. 

. (6) Maximum negative moment— When one hind wheel is on member 

'6' about 4 feet from G= —0-25 foot tons. Corresponding reac- 
tion at Bj= 0-786 ton. 

Section Gg — 

(«) Maximum positive moment— When one hind wheel is on member 
*6' about 4 feet from G= •J-o-62 fool tons. Corresponding reac- 
tion at Cj*= 0-786 ton. 

(b) Maximum negative moment— WJien one Ihnd wheel is on member 

'7' about 4 feet from G= —0-52 foot tons. Corresponding reac- 
tion at 65=0-786 ton. 

Section — 

{a) Maximum positive moment— When one hind wheel is on member 
'S’ about 4 feet from //= -i-o-20 foot tons. Corresponding reac- 
tion at 63=0-786 ton. 

(b) JIaximum negative moment— When one hind wheel is on member 
'7’ about 4 feet from £r= —0-20 foot ton. Corresponding reac- 
tion at 63=0-786 ton. 


Section — 

(a) Maximum positive moment — WJieii one hind wheel is on member 

‘f about 4 feet from //= 4-0*50 foot Ions. Corresponding 
reaction at ton. 

(b) Maximum negative moment— When o.ne hind wheel is on member 

'S' about 4 feet from //=— o;so foot Ion. Corresponding 
reaction at 773= 0-786 ton. r 
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Seclion — 

(rt) jMaximum positive moment = nil. 

Maximum negative moment = nil. 

Section Fi — 

6 

(a) Maximum positive moment— When one hind wheel is at the 
section considered = +2-22 foot tons. 

(b) Maximum negative moment— When one hind wheel is on member 

'7’ about 4 feet from G= —0-20 foot tons. 

Section Ffi — 

(a) Maximum positive moment— When one hind wheel is at the 
section considered = +2‘48 foot tons. 

(i) Maximum negative moment— When one hind wheel is on member 
'7' about 4 feet from G= —0*40 foot tons. 


Section G| 

{a) Maximum positive moment— When one hind wheel is at the 
section considered = + x'44 foot tons. 

(6) Maximum negative moment— When one hind wheel is on member 
. '7’ about 4 feet from Gs= — 0’6o foot tons. 

Section G^ 

(a) Maximum positive moment— When one hind wheel is on member 

•8' about 4 feet from H=: +o*i6 foot tons. 

[b) Maximum negative moment — When one hind wheel is on member 

‘6’ about 4 feet from (f and the front wheel is on member '7’ 
= — I'qS foot tons. 

Section G , — 

(a) Maximum positive moment— When one hind wheel is on member 

‘8’ about 4 feet from H= +0'28 foot tons. 

(b) Maximum negative moment— When one hind wheel is on member 

'7’ about 4 feet from G and the front wheel is on member *6’ 
= —174 foot tons. 


Section G ^ — 

(a) Maxininm positive moment— When one hind wheel is at the 
section considered = +1-48 foot tons. 

{b) Maximum negative moment— When one hind w'heel is on member 
‘ 6 ‘ about 4 feet from G= —077 foot tons. 


Section G, H — 

(rt) Maximum positive moment— When one hind wheel is at the 
section considered = +2'I2 foot tons. 
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(&) Maximum negative moment - When one hind wheel is on member 
'6’ about 4 feet from G= - 0‘38 foot tons. 


Section — 

(а) ' Maximum positive moment — When one hind wheel is at the 

section considered = -hi'44 foot tons. 

(б) Maximum negative moment— When one hind wheel is on member 

‘8’ about 4 feet from H ~ — o‘6o foot tons. 


Section H , — 

(а) Maximum positive moment— When one hind wheel is on member 

‘6’ about 4 feet from G= +o‘38 foot tons. 

(б) Maximum negative moment— When one hind wheel is on member 

*7' about 4 feet from H and the front wheel is on member 'S’ 
= — i‘ 65 foot tons. 

Section — 

(ff) Maximum positive moment — When both the front and the hind 
wheels are ncarlj' on member 7, i.c., when tlie two wheels are 
really on members ‘6’ and ‘8’ but the loads can be assumed to be 
wholly transferred through columns 2 and 3=4 0-23 foot tons. 

(6) Maximum negative moment— When both the front and the hind 
whfeels are on member *6’=— 1’04 foot tons. 

Section — 

(а) Maximum positive moment— When both the wheels (front and 

one hind) are on member '6’= +074 foot tons. 

(б) Maximum negative moment— When both the wheels are on 

member *17’= — 0'6i foot tons. 

Section dj, B— 

(fl) Maximum positive moment— When both the wheels are on 
member ‘6’ = +i'3X foot tons, 

(i) Maximum negative moment— When both the wheels are on 
member '17’= —0*30 foot tons. 

Section — 

(a) Maximum positive moment— When botli the wheels are on 
member '6'= +0'Gi foot tons. 

(b) Maximum negative moment — When both tlie wheels are on 

member '7' = — o’Si foot tons. 

Section jB,i — 

(o) Maximum positive moment — ^When botli the wheels (front and 
one hind) are on member ‘17'= +0'3i foot tons. 
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(6) Maximmn negative moment -When Iwth the wheels arc on 
member *6'= - 1'33 foot tons. 

Seclioti B,j— 

(fl) Maximum positive moment — When both tlie wlieels are on 
member ‘8’ = +0-26 foot tons. 

(6) Maximum negative momenl—When both the wheels are on 
member 'f —~vzz foot tons 

Seclion 

(а) Maximum positive moment— When bolli the wheels arc on 

member '7’ = +0'6.| foot tons. 

(i) Maxinumi negative moment— When both the wheels are on 
member- '6‘ = -O'sG foot tons. 

Sectio)! B^^C— 

{a) jraximum positive moment— When both the wheels (front and 
one hind) are on member ‘7’ =+ I'-b foot tons. 

(б) Maximum negative moment— When both the wheels .are on 

member '6' = - o‘27 foot tons. 

Seclion Cl„— 

(fl) Maximum positive moment— When both the wheels are on 
member ‘7' « -t-o Ca foot tons. 

(h) M.aximum negative moment— When both the wheels are on 
member ‘S' = - 0‘52 foot tons. 

Seclion C,;— 

(rt) Maximum positive moment— When both the wheels arc 011 
member ‘6’ - + 0 28 foot tons. 

(6) JIaximum negative moment— When both tlic wheels arc on 
member '7' •= — rzfy foot tons. 


TEMPER.-ITURE MOMF.NTS 
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We shall have to consider the effects of temperature from the 
following view points: — 

(ff) The difference in heights between the different columns being 
very small, tlie relative vertical movement can be neglected and 
hence there will be no moments on this account. 

{b) The top horizontal member being exposed to atmosphere will 
be affected by variations of temperature; whereas the bottom 
slab being always under water (where the temperature varies 
very little) will practically be unaffected by external atmosp- 
heric variations. Hence there will be relative displacement 
between these two members. This will produce moments in 
the columns which, on account of rigidity of joints, will then be 
transferred on to other members of the structure. 


There being earth filling at the back of the abutment; the point 
K will be practically fixed in position, all movements due to tem- 
perature being allowed for at F, where we have a sliding joint. 


We shall allow for a variation in temperature of ±30° F, 
so that t = ±30“ F 

a= coefiicient of linear expansion for reinforced concrete 
= -000006 per degree F, ^ 

£= Young’s modulus for reinforced concrete 
=128571 tons per square foot. 

We are considering a footstrip of slabs and columns 
. which are g" thick. 

bd? 

moment of inertia about the neutral axis=y=- 

12 


I X (-75)^ 
12 


=0-035 ft.'* 


We shall now calculate the moments for a drop in temperature 
of 3 o°F. The moments for a rise in temperature by the same 
amount, will be equal in magnitude but opposite in sign. 


(i) Moments due to movement of column head G to the right. 

Movement of column head to the right due to a fall in temperature of 
yPF = Af=ioo X 30 X -000006=0-018 feet. 

Moment at base of column '2’ =ilf„=^^^^ . 

-o-oi8 X 5*19 X 128571 X 0-035 
~ 3-00X i8-ooX7'68 

= — I-0I2 foot tons. 

Moment at top of column ‘2’ = 

M„= +MfK^ 


X20 
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=:+I-0I2xi-^ 

5-19 

=5 + i‘ooo foot tons. 

The moments transferred into other members are drawn graphically 
(vide Drawing No. 4). 

{2) Moments due to movement of column head H to the right. 

Movement of column head to the right due to a fall in temperature 
of 3o“i^= Af=goX3ox-ooooo6=o'oi62 feet 

Moment at base of column '3’ = 

-a/ a. 


_ — 0-0162 X 5-08X128571 X 0‘035 
2-95 x'i 767X 7-51 
= — o’945 foot tons. 

Moment at top of Column ‘3’ = 

S’oS 

= +0-945 x|5§ 

= +0*945 foot tons. 

As before, the moment diagram on this account has been constructed 
graphically on separate drawing No. 4. 

(3) Moments due to movement of Column head I to the right. 

Movement of Column head to the right due to a fall in temperature 
of 30° F= A /=Sox 30 X -000006=0*0144 feet. 

Moment at base of Column ‘4’= 

M z= 

“ PA' 

_ - 0*0144 X4-97X 128571 0 035 
~ 2-89 X 17-33x7-39 

ss —0.868 foot tons. 

Moment at top of Column '4’ 

M„=+M„x^ 

_+o-868x|g- 
' = + 0*868 foot tons. 
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In this case also the moment diagrams have been constructed 
graphically (vide Drawing No. 4). 

As we are considering the first two openings only, the movements of 
other column beyond '4' will have very little effect on the portion of the 
structure we are concerned with. 

The nett temperature moments have been obtained by algebraic 
summation of the moments due to Uie above three cases. 


MOMENTS DUE TO BRAZING EFFECTS. 


The force P , due to braking parallel to the surface of the road is 
given by 

^ tana) ± G tan a 
Where weight of the tractor 

/i,= coefficient of friction between road surface and rolling 
wheel = 1/50 approximately in this case, 
a = angle of inclination of the road surface with the 

horizontal = — 

30 

G= weight of the trailer. 

In our case, since the speed of the steam roller is very small, the 
braking effect will be negligible. Hence we shall consider a line of 6 ton 
lorries. In a length of no ft. along the roadway we can possibly have 4 
lorries in each traffic lane of 9 feet. Supposing the brake is applied to all 
of them at the same time, tlie force parallel to the road surface 
P, = Q{lJ>i+tana) 

=4>5 0(-^+-) 

Nfio 30 / 

=4x6 X — =i'z8 tons. 

150 

Considerii^ a strip of tlie structure, i foot wide, this force = 

=0'i42 ton. 

This load is resisted by ix columns and assuming the resistance of all 
columns to be equal, load to be resisted by cach= 

P='— — =0-013 ton. 

r. Moments in Column 2 ; — 

Moment at base of column = 

a^+bg 


Mu= ~PJgX 
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= —o'oi3Xi8-oox 

= — o ir8 foot tons. 
Moment at top of column = 

+P . 1 , X 


5-19 

10-32 


<*2+^2 


= + 0-013 xi8-oox = 
^ 10-32 

= +0-116 foot tons. 


Due to rigidity these moments in the column will be transferred into 
other members (vide Drawing No. 4). 


2. Moments in Column 3 : — 

In this case since a=b. 

Mom... at ba».M.= - .eSISiL^rS 
"22 

= — 0-115 foot tons. 

PI 

Moment at top=Mo= + — i=+o-ii5 foot tons. 

2 

3. Moments in column 4; — 

Here also, since a^h 

■MT 4. U ii.r Ph 0 0I3XI7'33 

Moment at base=M_= • - 

“2 2 

= —0-113 foot tons. 

PI 

Moment at top =Af„=H — ^ =+ 0-113 foot tons. 

The effects of temperature and braking are exactly similar and hence 
instead of considering the two effects separately ’we can combine them 
before drawing the moment diagrams graphically. Hence we shall have 
to consider the following cases for constructing the moment diagrams. The 
nett diagram is obtained by algebraic summation of the individual 
diagrams. 


Column No. 

Base 

or 

Top. 

Moment due to 
temperature 
(foot tons) 

Moment due to 
braking effects 
(foot tons) 

Total 
moments, 
(foot tons) 

Column ‘2’ 

Base 

-1-012 

mBBM 

-1-130 


Top 



+1-116 

Column '3' 

Base 

-0-945 

-0-113 

-1-060 , 


Top 

+0-Q45 

+0-115 

+ i'o6o 

Column ‘4’ 

Base 

-0-868 

—0-113 

-0-981 


Top 

+0-868 

+ 0-113 

+0-981 
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MOMENTS 

Due to Temperature and Braking Effects. 


Section. 

Moments (foot tons) due to drop 

Moments (foot tons) due to a rise 

in temperature of 30°i' together 

in temperature of 30°^ together 


with braking effects. 

with braking effects. 

A. 

— 0*04 
nil 

+0-04 

nil 


-1-25 . 

+ I ‘25 


+ 1-20 

-1-20 

C3 

— 1'24 

' +I‘24 


+ 1-24 

— 1*24 
nil 

F- 

nil 

n 

— O'lO 

+ 0-10 


— 0-20 

+ 0‘20 

G| 

— 0-30 

4-0-30 

G, 

— 0‘4o 

4-0-40 

O7 

■ +o‘8o 

-0-80 


+ 0-44 

-0-44 

G,H 

+ o-o8 

-0-08 

H| 

—0-29 

+ 0-29 

H, 

-0-65 

-to-65 

"11 

A|r 

-0-13 

+ 0-13 

+ 0‘02 

—0-02 

A„B 

+ 0-17 

-0-17 

•i-0-32 

-0-32 

Bii 

+ 0-47 

-0-47 


—078 

4-0-78 

- 0-43 

4-0-43 

B12C 

—0-07 

4-0-07 

Gfs 

+0-29 

—0-29 

Cl 2 

+0-64 

-0-64 


B, The moments for a rise in temperature of 30°!'' will be opposite in sign but 
equal in magnitude to those for a drop in temperature by the same amount 
Due to the slope of the roadway the moments due to braldng effects will be 
slightly different depending on the direction of the movement of the lomes. 
But this difference being very small, the total moments may be taken to be 
equal in magnitude in both cases. 
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TABLE OF TOTAL MOMENTS 

FOR HOSIZORTAI, UEMBERS 


Section 

Maximum positive moment 

( foot tons. ) 

Maximum negative moment 
( foot tons. ) 

iji 

p 


§■3 

'O fee 

Ss-M 

Eofj 2 

4^ 

c 

EB 
^ s 0 
B B E 
£‘K P 
^•1 
a 

0 « 

►Sg 

p 

P I 

M'S 

S c 
'3 « tC 

S 

So 

■be'Ii 

Sc - 

P. 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

n 

0*40 

2-22 

O'lO 

272 

—0*40 

0‘20 

O' 10 

— O'lO 

P. G 

0-43 

2‘48 

0*20 

3 -ri 

- 0*43 

0*40 

0*20 

0-17 

G| 

0-07 

f 44 

0*30 

i‘8i 

— o’o7 

o*6o 

0-30 

0-83 

Go 

— 070 

0*16 

0*40 

-o"i4 

070 

1*98 

o'4o 

3*o8 

Gt 

-o‘67 

0-28 

0*80 

0*41 

0*67 

174 

o'8o 

3'2I 


-003 

I'48 

0-44 

I'Sg 

0*03 

077 

0'44 

I‘24 

G,H 

0'2I 

2'12 

o*o8 

2*41 

“0’2I 

0-38 

o'o8 

0-25 

Hi 

0*07 

1-44 

0'29 

i-8p 

— O'O/ 

o'6o 

0'29 

o'8z 

H, 

—0-46 

0-38 

o’65 

0-57 

o’46 

1-65 

m 

276 

An 

-1-40 

0-23 

0-13 

-ro4 

f 4 o 

1*04 

o'i3 

s'37 

A|, 

O'lO 

074 

Q'OZ 

o’86 

— O’lO 

o’6i 

0'02 

0*53 

A„B 

0'62 

1-31 

o’i7 

2-10 

— 0'62 

0-30 

o'i7 

-0'i5 

"11 

o'i8 

o'6i 

0-32 

fit 

— o'i8 

0-51 

0-32 

0-65 

p,, 

-I‘ 2 I 

0-31 

0-47 

- 0-43 

I‘ 2 I 

1*33 

o '47 

3*01 

Pie 

-1-29 

0‘26 

078 

-0-25 

r’29 

1-22 

0*78 

3-29 

P?e 

014 

0-64 

0-43 

1-21 

-*o'i4 

0*56 

0-43 

0-85 

B„C 

o*6t 

r‘26 

0-07 

1*94 

— o’6i 

0-27 

0-07 

-0'27 


0-14 

0'62 

0*29 

105 

-0-14 

0-52 

0-29 

o'67 

c,, 

- 1*27 

0*28 

0-64 

- 0*35 

I’27 

1-26 

o'64 

3*17 
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DESIGN or COIvUMNS. 

TJie colutnns are to be designed for bending moment combined 
with direct thrust. For tin's purpose we shall use the method as given 
by JIbrsch (F.utwurf und llcrcchnuiig von Eiseuljctoubautcn— Band 
1-pagcs 235 to 269) and use his curves. 


Tlie design data for which the .sections are to bo designed are 
given in the table on page 125. Each section is to be designed for 
two alternative cases in order to find out tlie worst one. 


COI.U-MN (I) 


Scctiou /I, — 

(I) Bending moment M « o-i6 foot tons. 
Corresponding thrust N - 2'i6o tons. 
All the members are g" thick. Deducting 
1" for cover (upto centre of reinforcement), 
and using the same notations ns Morsdi. 

c*=4'5->l «3'5". 

rf-g". 

«=^rf=0'39 rf. 



We shall Uicrcfore use curves for «;=0’42 d and then make the neces- 
sary approximate corrections later on. 


Eccentricity c 


M 0‘i6 X 12 


N 


2'16 


= 0 * 9 ' 


Thus the resultant passes through the middle third and lienee no ten- 
sion will bo developed. 


Direct stress= + + 44’8 pounds per square inch. 


Section modulus Z of tlie Section 
_bd^ _r2 > 81 
'6' ~6” 


162 in.* 


.... M Ot6x 12 X 2240 

bending stress = ± -^ = ? -i- 

Z 162 

= ±26’6 pounds per square inch. 

maximum stress= -l-(44'8+26‘6)=; +71 4 pounds per square indi. 

and minimum stress= -f {44-8 -26-6)= +iS'2 pounds per square inch. 

The stresses are thus very low and Uieoretically no reinforcement is 
necessary. 
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COLUMN— (2) 


Section : — 

(i) ilfra 1*49 foot tons) 
JV= 2-371 tons j 


We shall design the section using curves 81 {MQrsch) i.e. with sym- 
metrical reinforcement. 


where 


e=0‘42 d 

Oc = 1200 kg/cm^ or 17050 Ibs/in*. 
M ^r-49Xi2X2^ 

M* 12x81 

=2*9 kg/cm*. 


N _ 2‘37i y. 2240 
12x9 


=49*7 Ibs/sq. in. 
=3-49 kg/cm^. 


Using curves 8r, 

Ob = stress in concrete =34*5 kg/cm*. 

=490 Ibs./sq. in. 

/i=o-i5 per cent. 

• C / JQQ 

s 0*162 square inches. 


With steel stress at 16000 Ibs/sq. in. 


,. 17050 

16000 


x° ^^ ■.=o*r86 square inches. 
0-39 


and e=o*39(f, F„=F'b~ 0*162 


Hence we see that at section with design data No. i we require 
o*i86 square inches of steel on each face. 

(2) M = 1*28 foot tons. I 
JV = 1*585 tons I 


Using curves 81 i,e., with symmetrical reinforcement — 
M _ 1*28x12x2240 

12 X 81 ~ 


-=35’4lbs./s<l'io. 


iV _* 1*585x2240 
M 12 X 9 


=2*49 fcg/cm® 
=32'9lbs./sq.in. 
=2*31 kg/cm* 


Prom curves, 

Ob = stress in concrete = 29*5 kg/cm* 

=420 Ibs./sq. in. 


fi = 0*15 per cent. 



128 


Paper G — 40 


= F'^ =nbd 

0-15x12x0 £ . , 

= — =0*162 square inches. 

The above area is obtained on assuming steel 
stress = 1200 kg/cra* or 17050 Ibs/sq. in. and c = 0*42 d, 
with steel stress at 16000 ibs/sq. in. and c — 0-39 d, 

F. = 75''~o-i 62 X X ^“=o-i86 square inclics. 

Therefore according to design data No. 2, we require 0’i86 square 
inches of steel on each face. 


Taking the two cases into consideration {data no. i & 2) we require 
o‘i86 square inches of steel on each face, at Section /J. 


Section — 

(i) M = 1*78 foot tons. I 
FS = 1*501 tons. I 

Using curves 8r (Mbr.<ch) with symmetrical reinforcement, 
where e = o*.}2 d 

and o, = 1200 kg/cm’ or 17050 lbs./in.- 
M 1-78 X 12 2240 „ . 

W—-' 12X81 »>-'=•/”>■* 

= 3'47 kR/cmx 

JV 1-501 >2240 ,, , 

W-= 12..9 = 3 rilbs./m% 

=2-ig kg/cm% 

Using cim'c no. 81, 

Ob = stress in concrete = 32*5 
/I = 0-255 per cent. 

F^ = F, = ftbd - jQQ ■ 0-275 square inches. 

With steel stress at 16000 Ibs/sq. in. and e = 0-39 d. 

F, = F, -0-275 X ^-^-"0-3i 6 square inches 


From the above c.-ilcnlalions we see that according to design 
data No. 1, at section Gj wc require 0-316 square inches on each face, 
per foot-strip of wall. 


We shall now calculate the reinforcements according to design 
data No. 2. 

(2) M =1*24 foot tons. 1 . 
i\r= 0*715 tons. I 
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(a) Using curves 81, for symmetrical reinforcement, 
M 1-24x12x2240 
W" i2xii 

=2.42 kg/cm=' 

g=°7£^^40=i4.81bs./m^ 

bd 12 X 9 ^ ' 


=1*04 kg/cm*. 

From curves 81, 

ah=stress in concrete=26 kg/cm-=327 lbs./jtr. 
fi =0-2 per cent. 

F„=F ' «= ubd a= ? ^ e. o-2i 6 square inches. 

With steel stress at 16000 Ibs/in.- and C’^o'^gd, 

F,=-FJ '' 0-2i6x^^— X 0*248 square indies. 

' “ 16000 0-39 


Taking the two cases into consideration (data no. i and 2) we 
require at section Gj, 0-312 square inches of steel on each face of the wall. 


DESIGN OF 

TOP IIORTZONTAL MEMBERS 

MEMBER (6) 

(а) Section at a distance 0/4 feet from *F '; — 

Maximum moment *= +3-27 foot tons per foot strip of slab. 

Total thickness of slab =9" 

Deducting i" for cover upto centre of reinforcement, 
effective depth d=9— 1=8" 

. Af 3-27x12x2240 , , . 

• 6^1=° " 1 2 x64 pounds per square inch. 

From slide rule, stressing the steel to 16000 pounds per square inch. 
Stress in concrete =670 pounds per square inch, 
and /t= percentage of steel =o-8z8 
,*. area of steel = y4i=/xJd 
0-828x12x8 
“ 100 

=0-795 square indies. 

(б) Section at a distance of i'-4|'' from G, i.e„ just at the end of the 
haunch : — 

Maximum momeiit= — 1-6 foot tons. 

M_ 1-6 X 12 X 2240 
bd^~ 12x64 


= 56 pounds per square inch. 
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From slide rule stressing the steel to 16000 pounds per square inch. 

Stress in concrete =430 pounds per square inch. 

/!= o‘39 per cent. 

A - 0‘39XI2x8 
' 100 

= o'375 square inches. 

MEMBER ( 7 ) 

(a) Section at the centre of the span : — 

Maximum moment = +2'4r foot tons. 


_ 2-41x12x2240 


■ 84-5 pounds per square inch. 


12 X 64 “• 

From slide rule, stressing the steel to 16000 pounds per square inch. 

Stress in concrete = 550 pounds per square inch. 

^=0-602 per cent. 

Ai— “0‘577 square inches. 

(6) Section at a distance of from G, i, e., just at the end of the 
haunch : — 

Maximum moment = — 2-i2 foot tons. 

M 2*12x12x2240 , . , 

^=- ii x64 ' pounds per square inch. 

From slide rule, stressing the steel to 16000 pounds per square inch. 

Stress in concrete = 510 pounds per square inch. 

=0-325 per cent. 

. ,1 0-525x12x8 ^ . , 

” •ni= =0*504 square mdies. 

(c) Section at a distance of x'-^\” from H, i. e.. just at the end of the 
haunch : — 

Maximum momenta -1-65 foot tons. 

M 1*63 X 12 x 2240 D j -1. 

Id^ 113^64 — ^"‘57’8 pounds per square inch. 

From slide rule, stressing the steel to 16000 pounds per square inch. 

Stress in concrete =440 pounds per square inch. 

/j.= 0-4 per cent. 

ii_ 0 ' 4 xr 2 x 8 „ . , 

■“t rrr = 0.384 square inches. 
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DESIGN OF BOTTOM HORIZONTAL MEMBERS 
Meniher — (zr). 

(a) Section at a distance of x’ — from ' A' i.e. just at the end of the 
haunch : — 

Maximum moment= — 1'35 foot tons. 

M 1-35x12x2240 , . , 

liirg? pounds per square inch. 

From slide rule, stressing the steel to 16000 pounds per square inch. 

Stress in concrete =386 pounds per square inch. 

M = 0-326 per cent. 

, 0*326 X 12 X 8 . , 

.-. =0-313 square inches. 

(&) Section at the centre of the span : — 

Maximum moment = +2-10 foot tons. 

M 2-10x12x2240 , j -1 

r2 ~ x64 ~ pounds per square inch. 

From slide rule, stressing the steel to 16000 pounds per square inch. 
Stress in concrete 505 pounds per square inch. 

,1=0-518 per cent. 

. 0*518x12x8 o . , 


-A=^- 


-=0-498 square inches. 


(c) Section at a distance of i' —4^" from B, i.e., just at the end of the haunch : — 
Maximum nioment= - 1-55 foot tons . 

~ — ^ 55 X 12 X 224o_ pounds per square inch. 
bd^ 12 X 64 

From slide rule, stressing the steel to 16000 pounds per square inch. 

Stress in concrete = 422 pounds per square inch. 

fi= 0-378 per cent. 

. 0-378 X 12 X 8 , . . 

,-. /!,= =0-363 square inches. 

‘ 100 

Member — (js) 

(rt) Section at a distance of x’ from B, i.e., just at the end of the haunch : — 

Maximum moment = —1-87 foot tons. 

M 1-87 X 12 X 2240 1- ^ j • 1. 

i2x 6 4~~ pounds per square inch. 

From slide rule, stressing the steel to 16000 pounds per square inch. 
vStress in concrete =472 pounds per square incli, 

M=o‘ 455 per cent. 


0-455 x 12 X 8 . , 

=0’437 square inches. 
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(6) Seclion ai the centre of the span : — 

Maximum moment= +1.94 foot tons. 

M i'94x 12x2240 j • T. 

bd^~ — ' 12x64 potmas per squaie inch. 

From slide rule, stressing the steel to 16000 pounds per inch. 

Stress in concrete =482 pounds per square inch. 

/t=0'473 percent. 

. 0*473x12x8 _ . , 

- -' - - Q = 0*454 square indies. 

(c) Section ata distance of t fromC, i.e.,justat iheendofthe haunch:-^ 

Maximum monient=-— 1*64 foot tons. 

M 1*64x12x2240 „ j . , 

= " 12x64 ' “ pounds per square inches. 

From slide rule, stressing the steel to 16000 pounds per inches. 

Stress in concrete =435 pounds per square inches. 

/t= 0*396 per cent. 

. A 0*396x12x8 , 

. . == 0*38 Square inches. 
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Comments by Dr. Al. A. Komi (Calcutta). 

Mr. Chambers admits that the collapse ot the 100 feet span open 
spandrel arch bridge, was due unfortunately to the type of bridge which 
was selected and designed But he does not tell ns why this particular 
type of bridge proved to be so unfortunate, seeing that he is completing a 
similar bridge over the Teesta River some 14 miles distant, where the river 
conditions are exactly the same ; e.g., the hill-stream effects, such as the 
rapid rise of the water (which is often as much as 25 feet within two hours) 
and the abundance of floating timber. Mr. Chambers’ answer to this point 
will, I am sure, be that, although the snpcrstrucinre of these two bridges 
are the same, the foundations of the Scvokc Bridge were dilTcreiit. 

The foundation of the Sevoke Bridge was a shallow and hollow 
system which could be adopted for a road bridge in a town somewhere in 
Europe, perhaps, where the rivers are, for the most part, harnessed. 
A great deal of expense would have been saved if the authorities had at 
their disposal the services ai a consulting engineer willi experience in 
bridge building. It was evident that the only fixity of such an abutment 
depends merely on the friction between the bottom of the abutment and 
the river bed. The amount of friction was borne out by the weight of the 
earth filling. As soon as the earth filling was washed away, the thrust of 
the arch moved the abutment and the bridge toppled as illustrated in 
sketch below. 



In drawing No. I, showing the site plan, without scale or other 
explanatory references, it will be noted that the unfortunate loo feet arch 
bridge was connected with a liigb criihankmcnt. This embankment without 
culverts or other outlets had practicnllj’ barraged the flow of several rivers, 
jhoraSi etc. Although the author had a strong warning at the time of 
construction, when tire staging was completely washed away, this did not 
prove to be a lesson to him, and neitlier was it the first; for at lire time of 
the construction of the Anderson Bridge over the Teesta, he built a 70 
feet span bridge on the same river, traces of whicli could not^ be found 
after a flood whicli occurred shortly' following its completion. The reason 
for this was perfectly clear, but the strong forces of Nature were blamed. 
We ahv.iys learn by our mistakes, and the ini.stakcs in this case were not 
made from a lack of knowledge of Jiow to deal with stresses due to vertical 
loads, for these matters are dealt with sufiicicntly in text books. But 
these mistakes \y'qre due to the lack of a careful analyses of the Natural 
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Forces as borne out by the local conditions and these are not found in any 
text books. There are reinforced concrete bridges built in India like the 
Nerbudda Bridge which is submersible to a depth of over 40 feet above its 
bridge level and when the flood subsides, the bridge although found to be 
loaded with trees remains undamaged. This is not a result of luck, but 
due to the foresight of the designer who took all the severe natural forces 
into consideration. 


Although I, personally, did not witness the action and position of the 
collapse of the bridge, the description tallies with the forecast I made in a 
private letter to Mr. G. Walton, Chief Kngineer of Messrs. Bird & Co., 
before the collapse of the bridge, see sketch on page 133. 

I would also like to mention that Mr. Chambers had put forward 
another type of .bridge which was not accepted by the Chief Engineer of 
the department. This design was similar to a bridge built by Mr. 
Chambers, over a '‘jhora” near the Teesta Bridge. This “jliora” bridge 
has been perfectly satisfactory although the stream is very unruly. 


Mr. Chambers has put up a new bridge according to drawing No. 5, 
and claims that the following conditions were considered when designing. 

I (i) Stabilisation of the stream. 

(2) ■ A possible stoppage of timber. 

(3) Cheapness. 

The author has drawn a veil over the third item by telling us that 
the cost per square foot of elevation area (between the road level and the 
bottom of the foundation) has amounted to an average of Rs. 72/-. 
Calculating, we find, that the elevation area is 340 X 32 = 10,880 square feet 
and at Rs. 72/- per square foot the cost works to Rs. 7,83,360/-. This is 
an exorbitantly costly bridge ! A normal bridge of 10 feet spans, 18 
feet wide and 340 feet long, with roadway, approaches, foundations, etc., 
would have cost Rs. 61,200/- only. We may say i lakh, but not 8 lakhs ! 
Let us assume that I misunderstood what was meant by the author as a 
Front Elevation Area and let us subtract the openings which are 21 x 10 X 
34 or 7,140 square feet. (10,880 -7,140) X72=Rs. 2,69.280/-. Even that 
figure is exorbitant. I am sure everyone will agree with this statement. 


The design is an exceptional example of a bridge which will appear 
strange and revolting to most of us. From the drawing, it appears to be a 
double-decked construction, one deck serving as a foundation slab. This 
reminds me of the Vierendel System, where the shear forces are very 
active and predominant, and many bridges of this type, even those built in 
steel, have failed totally. 


At a glance, the live and dead load bending diagram in Drawing 
No. 2 and No. 3 creates a satisfactory feeling, and this is as long as the 
10 feet box foundation or cofferdam foundation, as the author calls it, is 
resting on the river bed. Let us imagine a scour under the bottom deck 
of the bridge somewhere about the middle, which will probably occur some 
day. After all, a scour of lo^fee^ii^^river which is blocked by piers every 
10 feet, working out to 24 feet less passagel^y froni a 330 feet flee’ span 
and resulting in about 7.2 % obstruction is not improbable. In such a case, 




Correspondence — G- 40 . 


±34i: 


then, this system will be converted into d pure Vierendel Bridge and the 
diagram of shear as shown in the sketch opposite showing tremendous shear 
ill the columns is not a pleasant one. The Negative Bending Moment at 
the bottom slab, which was so useful for diminishing the Positive Bending 
Moment at the top stab, will be converted into a positive one, increasing 
the total Positive Bending Moment at the top with alt the severe conse- 
quences of a tremendous shear. 

We must give the author the credit of dealing thoroughly and 
scientifically with the designs, a tiling which so many engineers in India 
are friglitened of doing and we are much obliged to him for showing us the 
Suter methods of analysing a multiple frame construction which is very 
interesting indeed. 

But to arrive at a Bending Moment of 2.72 foot tons or 731,136 foot 
lbs. a much easier method could be followed, namely the Column analogy 
method, wliicb, tbough not a precise, analytical method, is still exact 
enough for a bridge construction of 10 feet spans. Even exact analyses 
are based on some assumptions which arc not quite in accordance with the 
facts. For example, "E" in concrete is a purely conjectural figure. It 
may be 2,000,000 or 3,000,000 pounds per square inch just as you like. 
Moment of Inertia *T“ also lacks exact determination in concrete. In 
some cases, it is advisable to work with an “1“ of concrete only, or with 
an equivalent area of steel. From this, however, it does not follow that the 
conclusions of exact analj'sis arc of no use or that they do not approach 
the facts. But a display of calculation based on Suter’s analysis, which is 
very impressive, should really be used on bridges with a greater span than 
10 feet. 

The author had taken in his calculations as important factors which 
affect the Bending Moments, the temperature and the braking affects. 
The variations of temperature liave been taken ns ±3o''F. The Indian 
Roads Congress Standard Specifications prescribe a temperature range of 
150 degrees Fahrenheit, (vide clause B 9”' page 16). Vet inspile of this, the 
author arrives at a total Maximum Bending Moment due to temperature 
and braking, of 0.8 in a member called G? (vide page 123) wliilc Ma.xiinum 
Bending Moment for dead and live load in a member Iv, G is equal to 
2.91 foot tons (vide page 124). This means that the braking and tempera- 
ture effects arc about 36%. If this is so, what will the additional Bending 
Moment due to wind, seismic forces and %vatcr pressure (which have not 
been taken into consideration) be. Why' lias the author not taken these 
into consideration? If a bridge system involves 36% moments due to 
temperature and braking effects alone, even in one member, it is certainly 
not an economical one. 

Important and very instructive, items such as the stabilisation of the 
stream and tlic minimization of floating trees, timber, etc-, which float 
down in the monsoon in enormous bulk, have not been discussed by the 
author. Have these items been considered in the design, at all? If so. I do 
think that all Members of the Roads Congress will be indebted to the 
author if he would describe them as minutely as he did the Suter analysis. 

In conclusion, I in ustJIiaokSthe, author- for his v.ery interesting paper. 

- - - -u- I mw. ■ ■MW^*^"**^’*^* ‘ 

''tjtiuKlnrcl Spucificntibl) and Codes of Prnctico for 'Rond Bridges in India, (1037). 

Minn Roads Congress, Ifew Delhi, 
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Comments by Mr. £. P. Jlieolaides (Bombay). 

Both in conception and design, the Sevoke Bridge is certainly 
unusual and I should like to thank Mr. Chambers for the trouble he 
has taken to write for us a paper on the subject. The author- is 
so well known to bridge engineers and has already to his credit so 
much interesting work for the cause of reinforced concrete bridges 
in India that praise from me will add very little indeed to his 
fame. I trust he will permit me, however, a few criticisms 
on his paper which I put forward with the hope that the ensuing 
discussion may add something more to our knowledge of reinforced 
concrete bridge design. 

Cost of Bridge. The author has claimed 'that this design was 
an economical one; yet his statement does not seem to be confirmed 
by the cost rate of Rs. 72/- per square foot of bridge elevation 
given at the bottom of page 92 of the paper. The average height 
from the bottom of foundations to top of decking is 30 feet so that 
the rate per running foot of bridge works out at Rs. 72 x 30 =2,160/- 
which is exorbitant A rate ten times smaller i. e., Rs. 216/- per 
running foot would be normal for a bridge on such a site. 

Foundations. From the structural features, the design of the 
foundations will be of particular interest to bridge engineers on account 
of their shallow depth in a sandy bed where scouring action may 
occur and may reach depths greater than the foundations. 

It is true that the continuity of the foundations offers a certain 
amount of safety against local scour, since— as pointed out by the 
author on page 91 of the paper— the cofferdam walls are capable of 
acting as a beam spanning the scoured gap. 

On the other hand, it maj' be mentioned that, whereas the 
strength of the cofferdam walls is limited and can be estimated by 
the usual methods of design, the length over which scour may occur 
is definitely unknown and it may vary from nothing to as inuch as 
a hundred feet and over, in the 300 feet wide river bed of loose 
sand. 

The expansion joints provided in the decking limit the depth 
of the foundation beam effect to the depth of the cofferdam wall 
only, i.e , to 10 feet. 

Referring to page m of the paper tlie load carried per running 
foot of each longitudinal wall is found as follows; — 

= 1400 Ibs/ft. 

= 50 Ibs/ft. 

=1920 Ibs/ft. 

=1125 Ibs/ft. 

=1040 Ibs/ft.' 


Dead Load of deck slab, 140x20 
Dead Bead of coping and railing, say 

20 

Weight of pier wall, ^x 1920 X — 

Weight of bottom slab, 10 x 0. 75 x I x 150 
Weight of longitudinal cofferdam wall, 
9.25x0.75x1x150 
Weight of cross diapbgram, 

J X 9.25 X 0.75 XIX 150^ 




= 965 Ibs/ft. 
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Total dead load per foot run = 6500 lbs. 

For the live load, take approximately 

100 Ibs/sq. ft., i.e., 100x20 =1000 lbs. 

Total dead plus live load per foot run =7500 lbs. 

When scour occurs over a length L, it can be taken that the 
cofferdam wall will act as a fixed end beam .spanning the gap L and 
carrying the above loads. 

The maximum negative bending moment at the fixed ends will be: 
7500X1/^ 

12 

On the other hand, the resistance moment of the concrete in 
the 120" deep X 9" W'ide beam formed by the cofferdam wall is 

135 X 9 X ri5®= 16,100,000 inch pounds. 

(the effective deptli is taken as 115" and the permissible stresses 
750 lbs. and 16000 Ibs/sq. in. with jn=i5). 

With this resistance moment, the maximum length Z, over which 
the cofferdam wall can span as a fixed end beam is given by the 
equation 


=16,100,000 in. lbs. i.e., l,-=46 feet. 

12 

Is it possible to predict witli safety that the scoured length 
will not exceed at any time 46 feet? 


It may be mentioned also that the tensile reinforcement required 
for this beam is: — 


l6.ioo.ooo 


16,000X0.87^1^"^^°'^ 

And this docs not appear to be provided as far as it can be seen 
from the detailed drawings attached to the paper. 


Design 0 f super-slrnchtre. The author has used a method of fixed 
points for designing the framed supcr>structurc. As mentioned by the 
author on page 97 of the paper, this method assumes that movements 
of the joints are possible by rotation only and not by translation. 
This condition would be fulfilled in the case of a symmetrical struc- 
ture symmetrically loaded; neither of these two conditions, however, 
are fulfilled by the structure under consideration and consequently the 
results obtained by the author are only approximate. The exact 
Elastic Theory applied to. this' type of framed structure leads to a 
scries of simultaneous eqqalibns each containing four successive node 
moments. By a very simple grouping process of the unknown moments, 
these exact equations can><4j9^ spilt intai;,lwo groups of equations of 
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similar form to the well known equation of 3 moments of continuous 
beams and the resolution of the latter systems of equations does not 
entail more calculating work than the method g^ven by the author. 

Regarding the calculation of the fixed points, the formulae given by 
the author can be condensed into the following equation expressing the 
fact that there is no change of angle between the members adjoining 
on to a node. 



<vlieieg,=5^-; 


' It will be noticed that this equation is a relation between three 
unknown lengths namely a„, a„+i and 6^ and to find one of them 
say fln+i it is necessary to fix, in advance, the values of the two 
others i.e., <?„ and bj. 


For this calculation the author has selected in advance the 
values of: — . 

bj=S-25 It. 
bj*=5-l7ft. 
b4=5-«57 ft. 
b 3 = 4.98 ft. 
and a,, = 2.40 ft. 

and from these values he has deduced, with the above formula, the 
distances of the fixed points 

a, ,=2.46 ft., ^3=2.47 ft.,.a„=|.47 ft. 

For the other points, ajj's? and further to.>the right, he accepts 
the same value of 2.47 feetmnd furthep/hie- lays down b,j=a„=2.47 
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on grounds of symmetry. This symmetry, however, does not appear 
to exist, since for the other frames to the right of number 15 (vide 
sketch on page 98 of the paper) the vertical posts continue to de- 
crease in height from hj=i7feet to h= 15 feet at the end of the con- 
tinuous unit of eleven spans considered by the author. Having made 
this in-exact assumption of symmetry, the author proceeds to calculate 
backwards the values of: — 

aj=4.86feet b„ = 2.48 feet a^=4.97 feet 

b,, = 2.47 feet a, =5.08 feet b,2 = 2.47 feet 

a,=5.i9feet b„=2.47fcet 

At this stage, the author makes a third assumption of (vide 

page 103 of the paper) and on the strength of it, he calculates 
61 = 5 30 feet and checks the values for a„ and bg adopted at the 
beginning of the calculation. 

The assumption of Xi^=X|* amounts to accepting b,,=» 8,4=2.47 feet 
and I cannot see any reason for this assumption except that it helps 
to justify the value of a„ = 2.40 feet adopted by the author at the 
beginning. 

The author's formulae can be used also to check the values of 
bj, bj, b„ and b5 but the results do not confirm in this case the 
values originally adopted by the author for these fixed points. In 
the sanie^ way, the fixed points in the top horizontal member of the 
frame calculated with the formulae and assumptions given in the paper 
will be found different from those of the bottom horizontal member. 

As for the check for a„, I find that this would give equally 
good results if one assumed at the beginning for b,. b„ b,, and b 
values different from those given by the author, namely b,=:6 feet 
b, =5.8 feet, b, = 5.6 feet, bj = 5.4 feet with a„ = 2.40 feet. On the whole 
the calculation of these fixed points appears to lack precision and 
requires a considerable amount of calculating work. 

For the calculation of the bending moments, the author has 
given, on pages 96, and 97 of the paper, formulae relating to the moments 
in the various frame members joining on to a node. These formulae 
express the condition of equilibrium of the node viz. that the sum 
of the moments in all the members at the node mii.«t be nil. According 
to this condition, the dead load moments should satisfy the following 
relations at node G: (vide sketch on page 98 of the paper). 

Mcj-f- Moj 

In the table of dead load moments on page 112 of the paper the 
author gives Mqj— -1560ft. lbs. Moj"— 85ft. lbs, and in order to 
satisfy the above relation Mo, should be equal to -1560—85= - 1645 ft. 
lbs. Yet the author in the same table gives Mo, ■= ~ 1490 ft. lbs. 

In the kme way at node B, we must have Mo,,-t-M„„»Mo„ 
but MB„-f -27I0-}-70 -- —2640 ft. lbs. and Mo,, is given by the 
author equal to —2893 ft. lbs. 

I have calculated dead load ipomcnts in the same system 
by the exact method outlined above and the table below gives the 
results together with the .author’s figures for comparison. 
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DEAD LOAD MOMENTS. 


At 

By the elastic theory. 

As calculated by the author. 

A, 

nil 

nil 

Fi 

nil 

nil 


+394 ft- lbs. 

+70 ft. lbs. 


-285 .. 

-85 „ 

C3 

+ 110 ., 

nil 

H3 

-156 

nil 

Be 

nil 

nil 

Go 

— 967 ft. lbs. 

- 1560 ft. lbs. 

G, 

-1252 „ 

—1490 „ 

H, 

-1031 .. 

-1040 „ 

Aji 

-2570 .. 

-3130 » 

B„ 

-3497 » 

-2710 „ 


-3103 » 

-2S93 „ 


-2941 » 

-2850 „ 

It will be seen that the exact moments 

in the vertical members are. 

m cases. 

almost 4 to 3 times greater than those obtained by the 

author; in 

the horizontal members of the frame, there are differences up 


to 30 per cent between the author’s moments and the exact figures. 
Admittedly the moments are, in any case, small in tliis bridge and 
the errors mentioned above may not affect the strength of the structure 
since the final sections adopted are determined from practical considera- 
tions and are stronger than the calculations would require. For greater 
spans, however, the author’s method of fixed point would appear un- 
satisfactory. 

In connection with these dead load moments, another important 
point has not been considered b}' the author. The upward reactions 
of the earth under the bottom horizontal member of the frame have 
been taken as uniformly and equally distributed right through all the 
bays. Should one or more bays scour out, the upward reactions in these 
scoured bays will be nil while in the adjacent non-scoured bays the 
earth reactions will be increased. In this case the worst conditions 
of loading for maximum positive span moments and for maximum 
negative support moments will be somewhat as shown on the sketches 
below; 


Condition of loading for maximum positive span moments; 




MUD 


tflfftfllKinURr 

»> 


liKifiiliiiin 






Cokhespondence — G-40, 


i34g 


Condition of loading for maximum negative support mmnent at B. 
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For these cases of loading the bending moments in all members, 
particularly in the bottom horizontal and the vertical members of 
the frame structure will be found up to 100 per cent higher than the 
values for which the author has actually designed. 

The procedure for calculating the live load moments is not fully 
detailed in the paper but as jrresumably the same method of fixed 
points has been used, the same remarks as for the dead load would 
apply in this case also. The loading being applied on single bays at a 
time, the approximation of the fixed ]>oint method will be found 
in tins case to be much worse. The distribution of the c.^rth reactions 
under the bottom horizontal member appears also to be entirely in- 
determinate for sucli loading cases and it would be interesting to know 
the author’s views on this point. 

For the calculation of temperature and braking cfFects, the author's 
formulae are not explained in the paper. In these elTccts, the only 
cause of deformation of the frame is a horizontal translalion of the 
joints which is contrary to the second assumption made by the author 
on page 97 of tlic paper, and 1 cannot sec how it is po.ssiblc in these 
cases to calculate or use any fixed points in the vertical members. 
TJie temperature moments of the frame calculated by the metliod 
evolved from the Elastic Theory arc found almost sixty per cent of 
the values given by the author. 


On page 121 of the paper, the author gives the formula 

i^au ajiG tana 


as expressing the braking force. This statement appears incorrect. 
The formula as used by the author gives the tangential reaction of 
the vehicle wheels along the decking while the vehicle i.s rmmitig and 
not when the brakes are applied. Wijcn the vcliiclc is moving, the 
friction between its rolling wheels and the road surface is very small 


and tlie cocnicicnt of friction given by the author would appear 

to be acceptable. When the brakes are applied, however, tlie vehicle 
wheels are not rolling any more but they are skidding on the road 
surface. In this case, the friction coefficient between tJic lyres and 
the road surface increases more than ten times and the tangential re- 
action increases proportionately. Adopting a friction coefficient /ir.0.25 
for the latter case,, the braking force . would be 

’ = jS/h "’.4 x’fi X 0,25 » 6 tons 

against 1.28 tons adopted^sby ' tlic'author,y.-.I may mention that the 
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Indian Roads Congress Code specifies, for the same case, a horizontal 
force of 

110 

tons. 

It is a fortunate coincidence in this case that the column moments 
due to temperature effects have been over-estimated by the author 
since he appears to have under-estimated the moments in these 
columns arising from the dead and live loads and the braking force. 
With these two errors counteracting each other, the combined final 
moments for the cases of loading considered by the author may not 
be far wrong, but it is certainly difficult to say what is the actual 
factor of safety of the design. 

In concluding these remarks, I should like to mention that in the 
technical literature, one can find several approximate methods for 
calculating frame structures but very seldom do the authors slate 
clearly how far the results of the methods of calculation they put 
forward, agree with the correct results of the Elastic Theory. It 
appears to me essential for every Designer to bear in mind that, in 
most cases, while the approximation of one method may be satisfactory 
for a certain form of structure and conditions of loading, the approxi- 
mation may be too bad to be acceptable for other forms of structure 
or conditions of loading. 


NOTE:-~It is regretted that replies to the above comments could not he 
obtained from the author. 


Secretary, Indian Roads Congress . 
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THE USE OF SOIL STABIEIZATION IN THE>IETAEI,ED AND 
UNMETALLED ROADS IN INDIA— II 
By 

S. R. MEIIKA, A.M.I.C.E., 

Executive Engineer, III Lahore Provincial Division, Lahore. 


Tlie object of this paper is to place before the Indian Roads Congress, 
the results of the writer's further efforts to make the use of Soil Stabiliza- 
tion an economic success in the countr3'; this paper being a continuation 
of the one bearing the same title and read by him at the Calcutta Session 
in February, 1939. 

The experiments embodied in the paper referred to above, led to the 
following conclusions: — 

(rt) The use of common salt, for the purpose of retaining moisture in 
a stabilized road crust, becomes fruitless in the dry summer 
months in the plains of the Punjab, as the humidity remains 
very low for long periods. 

(Common salt was tried in preference to calcium chloride, because 
of the possibility of getting impure salt duty-free at a very cheap price at 
the quarry, and of railing it down at concession rates.) 

(&) Although a stabilized soil, after it has been compacted by means 
of a shceps-foot roller at optimum moisture, is able to wiUisland 
the static load of a bullock cart or a heavy truck, it is unable 
to resist surface abrasion for any length of time, unless some 
granular material is incorx>oratcd into it. 

Keeping the above two conclusions in view, the follow'ing experiments 
were tried out: — 


EXPERIMENT I. 


Stabilization of the Unmetallcd link road to Hot Lakhpat Railway 
Station, from mile 8 of Lahore-Ferozepur Road. 

This link road is a portion of the District Board road leading 
to Raeaind, and in addition to heavy goods traffic from Kot Lakhpat 
Kailway Station, it carries a fair amount of mixed through traffic. This 
link is also used by adjoining ‘.brick rand" lime kilns. 

I** * ' 

The density of traffic 'jn this' linlg varies' from time to time, depending 
on the receipt' 'of building: materials etc. ali the Railway Station and the 


'i.w 


T35 


* Pirsl .paper on 'the Biimc Riili'ilecfc'.ljy tho sanio author 1ms been ptibliBlicd in tho 

ProceedingB of thc'Indiau Roads Congress, (lp30). 
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various crops. Following are the results of traffic census taken at 3 
different times;— 

(fl) A 48-hour traffic census from May, 24, 1939 to May, 26, 1939:— 


Bullock carls. 


Average 
weight 
in tons. 

2 

Number per 
24 hours. 

262 

Heavj’ Motor Trucks 

.. 

5 

133 

Motor Cars 

** 

i’5 

29 

Tongas 


. . 0'25 

83 

Pack animals 

• • 

O-I 

231 


Total tonnage per 24 hours = about 1300 tons. 


(6) A 72-liour traffic census, from March, 5, r9-|0 to March, 8, 194n;_ 


Bullock carts 


Average 

weight- 

tons. 

Number per 
24 hours. 

I17 

Heavy Motor Trucks . . 

• • 

5 

37 

Motor Cars 

.. 

1-5 

3 

Tongas 

• • 

0-25 

33 

Pack animals 

.. 

O’lO 

149 

Total tonnage per 24 hours = about 460 tons, 

(c) A 72-hour traffic census from October, 3, 1940 to 

October, 0, 

1040;— 

Bullock carls, empty 


Average 

weight-tons, 

0’5 

Number per 
24 hours. 

86 

Bullock carts loaded 


30 

III 

Heavy trucks empty 


2-0 

83 

Heavy trucks loaded 


8-0 

79 

Horse Vehicles 



94 

Borries loaded 


3-0 

12 

Cars 


1-5 

16 

Pack animals 


0-10 

330 

Total tonnage per 24 hours = about 1270 tons. 



The bullock carts used on this ro.ad are mosllv wooden tyres but 
very heavily loaded ; they carij’ 50 cement bags at a time. The trucks 
used are mostly of 5 tons carr3’uig capacity. 

The soil on the link road was mostly fine silt, so that it offered very 
little resistance to traffic loads, both in thfe dry and tlie wet weatlier, 
with tlie result that the rpad remained in a veh- bad condition all througli 
the year. Photographs ..figures i and 2 shpV the slate of the road in 
different weathers. 



Paper H— 40 


137 


Weather Conditions : general weather conditions in the area 
in which this road lies are, torrential rains between long spells of dry 
weather ; very hot in summer and very cold in winter ; humidity generally 
low. The area is liable to flooding during rains. The centre 9 feet width 
of road crust was designed to the following specification ; — 

Foundation: — 5 inches of loose graded soil, to be compacted at 
optimum moisture, by means of a sheeps^foot roller, and finished with a 
5-ton petrol roller. 

Wearing Course; — 5 inches loose of a mixture of graded soil and 
graded granular material, to be compacted at optimum moisture by means 
of a 5-ton petrol roller. 


A width of 3 feet on each side of the central portion was designed 
to the following specifications; — 

Foundatioa: — The existiag soil to watered aad rolled with a 
light roller. 

Wearing Course:— 5 inches of loose graded soil to be compacted at 
optimum moisture with a sheeps-foot roller and the top 2 inches to be 
impregnated with graded granular material. 

The total formation width of the road to be kept 20 feet, there 
being a 2| feet wide unstabilized shoulder on each side. 

The designed section of the road is given in figure 3. 


Field Work : — The soil on the road being deficient both in clay and 
in sand, a search was made in the near vicinity of the road for these 
two materials. Sand was obtained from the bed of a canal distributary 
2 miles away. Two saniples of clayey soil were selected for examination, 
one from a clay deposit about hdf a mile away and another on the road- 
side buried about a foot under-ground. 

Samples of the existing soil on the road were taken wherever the 
soil seemed to change. This was done both by sight and by making 
careful enquiries from people who had seen the behaviour of the road 
under varying weather conditions. Three samples in all were taken. 

Laboratory Work : — ^The samples of soil were subjected to the 
following laboratory tests : — 

(a) Mechanical Sieve Analysis, to find out the sand content of the 

soil and also the percentage of a mixture of silt and clay. 

(b) Plasticity Index, to find the extent of cifeclive day in the soil. 

The sand was subjjected.-. to sieve analysis alone to find out its 
silt content. | • 

The trial soil mixturis were' also subjected to tests (a) and (J) above 
and the mixture^ finally ^opted for use were subjected to the optimum 
moisture test, " ' 
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All llie above tests have been described already in my j)aper referred 
to in the beginning, and it is therefore considered unnecessarv to repeat 
them here. 


The laboratorj' analyses of tlie variotis samples and mixtures, yielded 
the following results : — 


(ff) Rond Soil Scclion i , — 

Retained on No. 10 sieve 

Passing No. 10, but retained on No. 40. 

Passing No. 40, but retained on No. 200 

Passing No. 200 

Plastic limit 

Liquid limit 

Plasticity Index 26’8o minus I9'25 
(6) Road Soil Section s , — 

Retained on No. 10 sieve 

Passing No. 10 but retained on No. 40 

Passing No. 40 but retained on No. 200 

Passing No. 200 

Pliistic limit 

Liquid limit 

Plasticity Index 23*2 minus 13*5 
(c) Road Soil Section 3 . — 

. Retained on No. lo sieve 

Passing No. 10, but retained on No. 40 
Passing No. 40, but retained on No. 200 
Passing No. 200 
Plastic limit 
Liquid limit 

Plasticity Index 23’9 minus 157 


= I'oo per cent. 
=• 5‘5o per cent. 
«= 30*50 per cent. 
•= 63*00 per cent. 
“I9'25 

=26*80 
■=* 7‘55 

= 0*00 per cent. 
= 2*00 per cent. 
=23*20 per cent. 
= 72*80 per cent. 
“I3-5 
■=23*2 

= 97 

"=■ 9*30 per cent. 

8*10 per cent. 
=25*50 per cent. 
=57*10 per cent. 

= 157 

= 23*9 

= 8*2 


(d) Sample of clayey Soil half a mile away from road , — 


Retained on No. 10 sieve 
Retained on No. 40 sieve 
Retained on No. 200 sieve 
Passing through No. 200 sieve 
Plastic limit 
Liquid Limit 
Plasticity Index 

(c) Sample of clayey Soil on the ivad-side:r-^ 
Retained on No. 10 sie^e 
Retained on No!' 40 sieve 


= 0*00 per cent. 
= 0*00 per cent. 
= 14*80 per cent. 
= 85*20 per cent. 
= 15*2 
•=28*3 
;• “13-6 

P“ cent. 
'.if tai 0*00 per cent. 
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Retained on No. 200 sieve 
Passing No. 200 sieve 
Plastic lyimit 
I^iquid I/imit 
Plasticity Index 


•= ii’20 per cent. 
= 88*8o per cent. 
= 19*2 
•= 43-5 

= 24*3 


This soil was selected for admixture due to its high plasticity Index. 


(/) Sample of sand from the Canal DhtribiHory . — 

Retained on No. 10 sieve 
Retained on No. 40 sieve 
Retained on No. 200 sieve 
Passing No. 200 sieve 


= o’OO per cent. 
=• is’oo per cent. 
= Gq’oo per cent. 
= iG’OO per cent. 


The mixtures ultimately selected were: — 

(»') FOR TIIK FOUNDATION COURSE; — 
{a) For Section i. 


Top Soil 


= 65 per cent. 

Clay 


= 10 

per cent. 

Sand 

(i) For Section s. 

-25 

per cent. 

Top Soil 


=75 

per cent. 

Sand 

(c) For Section 3. 

“25 

per cent. 

Top Soil 


= 65 

per cent. 

Clay 


“15 

per cent. 

Sand 


= 20 

per cent. 

(»V) 

FOR TJIE WEARING POUR-SB: 

[a] For Section J. 



Top Soil 


= 53 

per cent. 

Clay 


«=22 

per cent. 

Sand 

(b) For Section 2. 

= 25 

per cent. 

Top Soil 


“50 

per cent. 

Clay 


<=25 

per cent. 

Sand 

r ; , (c). For Section 3. 

■=25 

per cent. 

Top Soil 


= 55 

per cent. 

Clay 


■=■25 

per cent. 

•Sand, 


,«=20 

per cent. 
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The principle underlying the design of the foundation course has 
been, to keep the clay content rather on the low side, so that, with the 
increase in its moisture content during rainy season, there should be no 
softening of the foundation due to excess of clay. 

In the case of the wearing cou«e. however, the clay content of the 
soil mortar had to be kept comparativdy high, so as to allow of its getting 
sufficiently hard daring the dry weather to hold the granular material 
together and thus to give the wearing course both structural stability and 
wearing quality. The idea is to have so much clay in the soil mortar, 
that on getting wet, it will expand sufficiently to fill up all the voids in 
the crust and thus make it impervious to water. 

In Section 2. tte mixture was purposely designed with a large excess 
of clay, the idea being that when the crust gets soft during wet weather 
due to excess of clay, sand would be mixed into it in controlled quantities 
till it starts behaving perfectly, and thus the optimum mixture determined. 


JtATBRrALS. 

Clay .‘—The clay with a Plasticity Index of 24-3 was selected. In its 
dry state, this clay was so hard that it would be very difficult and expen- 
sive to dig it out and to break it up. The source of clay was therefore 
flooded and the water was allowed to stand over it for a couple of weeks. 
When the water all soaked in to a depth of about 3 feet and the top 
started to dry off, the moist clay was excavated and broken up at the 
same time with the backs of the spades, before carrying it to site, where it 
was further broken with wooden ‘’thapis’’ before stacking. 


Sand : — Sand was taken from the bed of a canal distributary about 
2 miles away. It was actually the material obtained from silt clearance, 
and in order to make sure that the sand carried to site did not contain 
too much silt, several rough sieve tests with a No. 200 sieve were taken 
by the subordinate in-charge at the various heaps. 


Granular Material: —{a) Crushed Bricks: Well burnt brick was 
crushed by hand in an attempt to grade it from | inch downwards. The 
hand breaking left about 25 per cent stuff over i inch size. This was 
screened out and recrushed under a lo-ton roller, b}' sprinkling it on a 
tarred surface, vide figure 4. 


The grading of crushed brick as ultimately obtained was 


Retained on i" screen 
Passing i" screen but retained on J" screen 
Passing screen but retained on g'i^screen 
Passing g" screen but retained oh screAi 
Passing screen but retained on scre^i 
Passing screen;' 


By weight 
= 2‘2 per cent. 
=22‘5 per cent, 
=47-1 per cent. 
=15-0 per cent. 
= 12-1 per cent. 
= ry, per cent. 
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The grading aimed at was : — By weight 

Retained on i" screen = o per cent. 

Retained on screen =15 per cent. 

Passing but retained on g" screen =30 per cent. 

Passing but retained on screen = 25 per cent. 

Passing but retained on screen = 20 per cent. 

Passing screen = 10 per cent. 


(6) Crushed Kankar. The locally available variety of kmkar viz. the 
j>ea-kankar was used and the following grading was obtained by beating 
it down with " lathis " 


Retained on i" screen 
Passing i" screen but retained on |" screen 

Passing |" screen but retained on screen 

Passing screen but retained on screen 

Passing screen but retained on screen 

Passing screen. 


By weight 
= 27 per cent. 
=I3‘5 per cent. 
= 42 ’5 per cent. 
= iS'2 per cent. 
=I5‘I per cent. 
= 8'3 per cent. 


The grading aimed at was the same as in the case of crushed brick. 

The grading obtained is not very satisfactory and hand crushing is 
also very expensive. It is proposed to try out portable mechanical 
crushers. 


PKOCEDUHB. 

Earth Filling: — ^Except in a length of about one furlong where there 
was upto 3 feet of bank, the filling was not over 6 inches. In the portion 
with high bank, the filling was done with moist soil in layers of 6 Inches 
and the coolies carrying the fill soil were made to walk on the bank so 
as to go on consolidating it. 


Preparation of Foundations: — ^The foundation was watered and rolled 
and prepared to a camber of i in 40, figure 5. 


Foundation Course: — The top soil, sand and clay were mixed dry 
outside and spread on the road (central 9 feet only) in tlie required 
thickness of 5 inches loose, after the rest of the lormation had been filled 
up with 5 inches loose top soil, watered and rolled, figure 6. 

The optimum moisture was then added to the mixture, by dividing 
the evenly dressed loose dry mixture, into suitable sized "kiaris" or parti- 
tions, so that each "Afan”. would take one or two wasAaA-fulls of water. 
The w'aler, thus added. in; the evening was' allowed to stand over-night, 
and in the early morning lyhen it had dispersed itself through the depth of 
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the soil, it was mixed again by spades and dressed. The moist soil was 
then rolled with a slieeps-foot roller, drawn b}' a pair of bullocks, figure 7, 
and finally finished off with a 5-ton roller. 


Wearing Course — Berms and Centre Portion : — The 2i feet wide 
shoulder on each side was first filled up with top soil, watered and rolled. 
Then a width of 3 feet on the inside of each shoulder was filled to a depth 
of 5 inches with tlie soil mixture for the berm, mixed dry. The central 
portion was then filled in with a dry mixture of top soil, sand, clay and 
crushed brick (or kankar). to a depth of 5 inches, figure 8. Out of the 
crushed brick (or kankar) however, about 10 per cent of the total quantity 
was kept aside for use on the surface. This was generally small size stuff. 

The central portion and the berm were then divided into convenient 
sized partitions, each of which would require a whole number of mashaks 
for its optimum moisture, vide figures <j[a) and 9(6). The water was 
allowed to soak through over-night, and the mixtures turned over with 
spades in the morning. 

The 3 feet wide berm on each side was then compacted with sheeps- 
foot rammers vide figure 10, till the feet of the rammers would not penetrate 
more than inches into the soil mixture. The requisite quantity of 
crushed brick (or kankar) was then q>read over the loose soil, and mixed 
up with it, by means of rakes. 

The whole formation width of 20 feet was then rolled once with a 
5-ton roller. After this a mixture of the small sized stuff saved from the 
granular material, and fine clay in equal proportions was spread over the 
15 feet width in a moist state. The rolling was then completed. 

Rolling: roller was run at an angle of about 45 degrps all tte 
time (figure ii) so as to avoid any possibility of cross corrugations which 
can easily form in a construction of this type and help to cause 
dis-integration of the pavement. 


Curing: — The finished surface was sprinkled over with water twice a 
day for a week, so as to prevent damage by the roller or any other 
constructional traffic passing over it in its early stages of incomplete 
compaction. 


Final compaction under traffic:~On completion, the whole road was 
given a thick sprinkling of water and next day when the surface looked 
moist, but not wet, it whs thrown open to traffic. 

For a period of six weeks, a sprinkling of water was given to the 
road every day towards the evening. This completed the final compaction 
of the road under traffic — the last but the most important stage in the 
construction of soil roads. 

Cost of Construction: — ^The statement in l&gjire 12 is a copy of the 
revised estimate for the.work, |;iving the cost a^ qf^n^y estimated for 
and as actually incurred."’ ...A—.'" .. 
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Maintenance : — The road was opened to traffic in the end of December 

1939 - 

A thick sprinkling of water was given to the road once a month upto 
April 1940. 

Section 2, where an excess of clay had been deliberately used, got 
softened after each rain and developed ruts. Sand was spread over it in 
the hope of getting the traffic to mix it up. But the traffic tended to go 
in the ruts and hence no mixing took place, except where the ruts were. 

In a further effort to mix the sand properly, the area was flooded 
with water and a bullock cart was made to go up and down all over the 
width for a day. This did do the mixing to an extent but it was still left 
patchy, with tlie result that some localised spots kept behaving badly, the 
beliaviour of the rest of the surface not being very uniform either. This 
was borne out by a laboratory analysis of soil at various points, which 
showed widelj' varying results. This method of mixing has been a failure, 
and so has been this section. It is now proposed to try sand mixing 
under a multi-wheeled bullock roller, but it cannot be said whether it will 
be successful. 

In April 1940, when the Soil Research Sub-Committee of the Indian 
Roads Congress (figure I3ff}, inspected the experiment the condition of the 
three sections was as follows : — 

Section i : — 

Very slightly dusty, otherwise in excellent condition. No ruts at all. 
No signs whatever of the brick aggregate dislodging any where, or crusliing 
in tlie body of the crust. Very slight wearing of crushed brick on the top 
due to surface abrasion under the bullock cart wheel, resulting in a thin 
la5’er of about I/8 inch size brick a^regate on the surface, which, mixed 
with the soil, actually acts as a protective coat against further abrasion. 

Section 2 : — 

The Section was patchy and could be called a failure. 

Section 3 : — 

The general condition of the section was good, though it was more 
dusty tlian Section (i), and there was more wearing of kanhar on the 
surface than in that section. This was naturally to be expected as the 
hankar locally available was softer tlian crushed brick. 

The Soil Research Sub-Committee, entered the following remarks in 
the minutes of tlieir meeting held at Lahore, soon after they inspected the 
site : — 

“The Commillcc also inspoelcd somo cxprriiiients carrieil out by tho Punjab 
Government on the link ttf-tlie'Ko/ Lnkhpnt Knilwiiy Station. These experiments 
■wore can iod out 31 mouths ago. TIioyareon an all-carlh road carrjing heavy 
tradic for such coiistruct^m and except for th^ length iviierc nii extra pciecnlngc 
of clay uas deliberately u4cd (Section 2), nrc to-dato fitnndiiig well. It is felt that 
this road will give si^vicp, but tho cost ,of mnintoiiancc may be high and, 
therefore, a.caTcltil re(S5|4?^hc(uld be kept of expenditure,” 

« i A. Z 
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After April, tbe monthly watering of the road was stopped, in order 
to see how long the road will last before requiring another watering. The 
condition remained good during May and June, and excellent during the 
Monsoons. There were atleast three torrential rains (as much as about 3 
inches overnight) but without causing rutting or any damage whatever in 
Sections i and 3. 

Towards the middle of November, the road has become rather dusty 
on the surface, though the granular material is still firmly embedded in the 
soil mortar and it is felt that a watering is now needed. It rained last on 
September, 29, 1940. Figures 13 (a), (i), and (c) show the state of the road 
at various stages. 


Cost of maintenance : — So far, the cost of maintenance has been low. 
But as it would not be a fair estimate of it, till tlie present dry spell has 
passed, it is proposed to give the figures at the time of the congress session.* 


Economic Possibilities : — The total cost of one mile length of the 
road, with a usable width of 15 feet, is Rs. 3212/-. Out of this, Rs. 401/- 
i. e. the cost of earth-work in filling, and of the culvert should not be 
considered for purposes of comparison, as these would be common items 
for any type of construction. The net cost would, therefore, be about 
Rs. 2800/- i. e. Rs. 2000/- for the centre 9 feet, and Rs. 800/- for the two 
berms, 6 feet wide in all. 

(In normal circumstances, the cost would drop another Rs. 500/- as 
the price of sand in any other locality would not be so high, the cost of 
mixing and watering would come down as tlie labour gets used to the work 
and the road inspector would not be required for more than one month for 
every mile of road constructed). 

The density of traffic on this section is even higher than in miles 
10 and II of the arterial road from Lahore to Ferozepur (Experiment III) 
and actually justifies the construction of a proper metalled road, the cost 
of which at tliis locality for a 4^ inches soling coat and 4i inches metalling, 
would be Rs. 7700/- for 9 feet width and Rs. 12800/- for 15 feet width. 

It is possible to surface treat this stabilized pavement, after applying 
a suitable tack coat. 

This particular experiment by itself, however, only shows the best 
that a stabilized soil road can do. Ordinarily on an unmetalled road, the 
traffic would be mucli lighter and, therefore, will require a lighter and con- 
sequently cheaper pavement. 

The main object behind the experiment was to remove the wrong but 
deep impression, from the minds of the road engineers in this country, that 
no stabilized soil can withstand bullock cart traffic. 

V 

But if we were to stretch the principle further, it is not difficult to 
visualize, that whereas heretofore, a road had l;o staj"^ as a natural soil 
pavement, usable in fair weather onlyi'iihtil the density of. traffic and the 



* The figures are reproduced in the statement at tlie.eiid. 
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availability of funds justided the putting up of an expensive metalled road, 
now there is a possible series of pavements between these two extremes, 
which can provide roads at varying costs, to suit different traffic conditions 
and above all, usable in all kinds of weather. 

This straightaway makes it possible for district boards etc. to increase 
their milage of "all weather” roads, and thus to help in tlie "opening up” 
of tlic country, which is one of the most essential features of rural develop- 
ment. 


EXPERIMENT 11. 

Stabilization of soil in mile 42 of Hoshiarpur-Dharamsala Road. 


. This is an important trade route, and the road is being gradually 
metalled. 

Mile 42 of this road lies between two “chows" (hill torrents) in the 
sub-mountainous Hoshiarpur District. The soil in mile 42 is predomi- 
nantly fine sand, with a little coarse sand and silt, and has no binder to 
speak of. 

This mile used to develop deep ruts very quickly in the dry weather. 

Traffic : — ^The traffic on this road is mixed bullock cart and lorry 
traffic, and totals about 122 tons a day; most of the carts have iron tyres. 

Weather Condition:— Tho: general weather conditions of this area 
are rather wet, the rains being both torrential and of long duration. The 
average yearly rainfall is 40 22 inches. There are also, however, atleast 
a couple of longisli dry spells and many short dry spells, during all of 
which, tliis mile behaved very badly. 

Foundation : — When the original soil survey was done, the foundation 
was found to be fairly compact, as clay had apparently been thrown on 
the road from time to time and had got mixed up with tlic sand under 
traffic. But the local authorities later on decided to raise tlie road and 
used different soils for doing so. 

The treatment carried out for making the filling fit to act as a 
foundation, is given in the following excerpt from a letter addressed by the 
writer to the Executive Engineer in-charge of tlie road: — 

“ I found however, llmt a certain amount of filling liiw been done, by yon, 
over which it is intended to put the stabilized crust. As this filling is diflerent 
in composition from' the original bed which contained both coarse material and 
tt slight quantity of clay, it jnust receive n trentmont before it enn safely act as 
n foundation. 

The filling is of t'wq kinds. One is almost pure sand and the other is a 
soil very rich in clay. 1^ ’ 

The trcatment to bo^ono on ffio sand fitling is as follows : 

A layer of thoumo quality of clay which is being collected for the lop crust 
.should bo spread oiPUll^'it sand filling in a thickness of 3/4 inch and tho traflic 
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flllownl to run freely over it to mix it up. After n fciv days another similar layer 
should he spread and allowed to net mixed up under traffic, taking care that deep 
ruts arc filled up from time to time by dragging about the filling. 

When this process is comidcfcd, water at the rale of about ]/ 3 rd gallon per 
square foot should be spread over the portion preferably lowaids the evening 
and the portion rollerl .with a light roller next morning. The trailieiiill then 
do the final compaclion. 

The Ircafnicut to be done on the clay filling is exactly the same, except that 
sand layers 11 ill be siihttitiitcd for clay, and the clay filling iiill bo thoroughly 
spiinkled with water to soften it down ton depth of about .3 inches, before the 
sand is spread, hlixing will be done by traffic. 

There u ill be no rolling necessary in this ease. The trnflic will do all that 
is wanted.” 

The above was done by the ordinary' maintenance gangs, in the 
course of their normal work. 

Field Work : — ^The top soil at the site is very deficient in binder and 
slightly so in filler. A clay deposit w'as found about 4 furlongs away from 
the site, but it was not possible to get any silt witliin economic distance. 
The top soil throughout the length in whicli the experiment was carried 
out was the same. 

Laboratory Work .'—The following is the laboratory analysis of the 
top soil and the clay admixture : — 

Top soil. 

Retained on No. lo sieve 

Passing No. 10 sieve but retained on No. 40 sieve 
Passing No. 40 sieve but retained on No. 200 sieve 
Passing No. 200 sieve 
Plastic Limit 
Liquid Limit 
Plasticity Index 

Coarse sand. 

Retained on No. 10 sieve 

Passing No. 10 sieve but retained on No. 40 sieve 
Passing No. 40 sieve but retained on No. 200 sieve 
Passing No. 200 sieve 

Clayey Soil. 

Retained on No. 10 sieve = o'oo per cent. 

Passing No. 10 sieve but retained on No. 40 sieve = o'oo per cent. 

Passing No. 40 sieve but retained on No, zijq-sieve = iq‘20 per cent. 

Passing No. aoo sieve = So'8o per cent. 

Plastic Limit .*■=!. i 3'3 

Liquid Limit 

Plasticity Index ^^'6 


c O'OO per cent. 
= 9'io per cent. 
= 83'6 o per cent. 
= 7 20 per cent. 

I Non plastic. 


= O'OO per cent. 
= 63'90 per cent. 
= 3i'70 per cent. 
= 4'io per cent. 
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The coarse sand was really not necessary but as it was collected 
tlirough a mistmderstanding, it was allowed to be used. 

The mixture ultimately selected was : — 

Top Soil — 33*3 per cent 

Coarse sand =33'3 per cent. 

Clayey Soil ■= 33‘3 per cent. 

The principle on which the above mixture was designed, was to keep 
the clay content lower than in the wearing course in Experiment I 
(though a small extra quantity of day was allowed to make up for the 
deficiency of silt, so as to get the density required). This was done both 
because the locality is more wet than that of Experiment I and as it was 
intended to surface treat tlie length after the end of the rainy season, 
during which necessary compaction under traffic would have taken place. 


Materials : — Clay was dug out of the deposit referred to before, after 
rendering it soft with water, and was broken up in its moist state, before 
carriage to site. 

Sand was collected from the bed of the “Swan". 

Granular material in the shape of rounded pebbles was also collected 
by screening, from the bed of the “Swan.” It had the following grading:— 


Berms : — 

Retained on i" screen 
Passing i" screen but retained on J" screen 
Passing 2" screen but retained on g" screen 
Passing §" screen but retained on i" screen 
Passing screen but retained on J" screen 
Passing i" screen 


By weight 
■= 5’1 per cent. 
■= 2i’3 per cent. 
= 37'9 per cent 
= 23' t per cent. 
= 9’2 per cent. 
= 3'2 per cent. 


PHOCRDURK 

Preparation of bed ; — The bed was scraped to a camber of i in 40 and 
rolled with a l-ton roller after giving it a thick sprinkling of water. This 
was timed to immediately precede the spreading of top course material so 
as to save having to wet the bed once again. 

Wearing Course : — Sand, clay and top soil were first mixed dry and 
then the granular material was added and the whole thing mixed again. 
The dry mixture was then placed in stacks about 20 feet by 20 feet by 
li feet, and after levelling off the top carefully and making bunds of the 
same material at the top,'? the Requisite quantity of water for optimum 

moisture was allowed to stand it. • . 

' 1 , ‘ \ . 

This operalidtt was finished towards each evening and the water was 
allowed to so'ak thrq^i du^ng the night. 
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Next morning, all that was necessary was to remove about 4 inches 
of dry material from all round tlie stack, and to carry the rest straight to 
the road for spreading on the wet bed. The small mixing needed was 
done by the man who was cutting the material from the stack and pouring 
it into mortar pans, for being carried to the road. The dry material was 
separately mixed with water and used up. 

This method of mixing was found to be cheaper, quicker and more 
practical tlian the method used in Experiment I. The miVin g was also 
found to be better. 

After dressing, a sprinkling of moist clay and fine bajri mixed in 
equal quantities was given over tiie surface at the rate of i cubic foot 
material for 88 square feet. This quantity of bajri was saved from the 
wearing course material. 

The rolling was then done with an 8-ton roller, which was the 
lightest power roller available in the locality. This roller was found to be 
too heavy for the mixture and so it was only lightly rolled and finished 
off with a i-ton roller. Cross rolling was done as far as possible to avoid 
longitudinal corrugations. 


Curing : — Curing was done by watering twice a day for 4 days, 
when traffic was let on. 

The reason for watering twice a day for 4 days only in this case, 
instead of once a day for seven days, as in Experiment i was, that the 
initial rolling was imperfect and no drying of the crust was desirable. 

The compaction under traffic was carried out for 22 days by giving a 
thick sprinkling once a day. 

As water was very expensive, and the rains were coming on, the 
rest of the compaction was Irft to be automatically done by traffic during 
rains. 


Cost of construction : — Cost for 12 feet mile. 

Rs. 

Imported clay— 6125 eft. 

@ 

20/- per thousand. 

= 123/- 

Top soil 5280 eft. 

@ 

3/- per thousand. 

= 16/- 

Sand 2300 eft. 

@ 

5/- per cent. 

= 115/- 

Sand 2980 eft. 

@ 

3/- per cent. 

= 89/- 

Bajri 3/4" to 1/8", 5280 eft. 


10/- per cent. 

= 528/- 

Labour for mixing, watering, laying and rolling 

= 350/- 

Extra cost of importing water 

h V 

.= 168/- 

Preparation of foundation?' 



= 60/- 


i'*- 
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Say .. .. = 1450/- 

Cost for 9 feet mile . . . . «= 1087/- 

Say .. .. = 1100/- 

Behaviour : — ^The road was done in May last and has behaved very 
well so far. All the possible compaction is considered to have already 
taken place under traffic during the summer rains, and the road is now fit 
to take surface treatment, arrangements for whicli are already in hand. 


EXPEKrMEin' m. 


Stabilization of the unmetalled berms in Miles 10 and ii of the Lahoie- 
Ferozcpnr-Lttdhiana Arletial Road No. 5 {metalled). 

This road is w'ell known for the thick clouds of dust that are raised 
by traffic during the dry season and the slush and slipperiness of the berms 
in wet weather. Miles 10 and ir, were the worst miles in this respect, tlie 
soil being coliesionless silt. 


Traffic The traffic in this mile is 849 tons per 24 hours and includes 
159 bullodc carts and 377 motor vehicles. 

Design : — ^The foundation of the berms, upto a width of over 5 feet 
on eacli side of the metalled edge, is very compact below a depth of about 
2 inches. It is a happy mixture of sand, clay and silt and also some 
granular material flown off from the newly tarred surface, which has got 
compacted under traffic in good time, under suitable moisture conditions. 

It appears that the filling on the road in 1 he first instance was done 
with good soil, but that during maintenance only the coliesionless silt 
available as top soil had been used. 

As tlie foundation soil was found to be stable, it was decided to use 
• only 3 inches loose thickness of stabilized soil wearing coat, with 40 per 
cent kankar mixed in it. 

The width of treatment was kept 5 feet on each side making a total 
usable width of 22 feet. 

Field Work : — As the top soil was evidently deficient both in clay 
and sand, a search was made for both these materials in the vicinity. Fine 
sand was available in the bed of a canal minor flowing along side the road. 
A good clayey soil was found at a depth of over 2 feet, at site. The belt of 
clayey soil was about 6 feet in thickness. 

Laboraloty Work : — ^The laboratory analysis of the berm soil, the 
clayey soil and the sand'^as as follows : — 

Berm soil : — = 

•t 

Retained oi^jiNo. 10 ^eve =« io'30 per cent. 

Passing M"^;y:A^ve,But-jletained__oa No. 40 sieve = 5‘io per cent, 
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Passing No. 40 sieve but retained on No. 200 sieve 

Passing No. 200 sieve 

Piastic Limit 

Liquid Limit 

Plasticity Index 


•= 15 ‘20 per cent. 
“ Gq'IO per cent. 

I Non plastic 


Clayey Soil : — 


Retained on No. 10 sieve 

Passing No. 10 sieve but retained on No. 40 sieve 

Passing No. 40 sieve but retained on No. 200 sieve 

Passing No. 200 

Plastic T^iinit 

Liquid Limit 

Plasticity' Index 


o'oo per cent, 
o'oo per cent. 
27 20 per cent. 
72'8 o per cent. 

14-5 

44-2 

297 


Sand : — 

Retained on No. 10 sieve 
Retained on No. 40 sieve 
Retained on No. 200 sieve 
Passing No. 200 sieve 


O'OO per cent. 
= i4'io per cent. 
= 61 '30 per cent. 
=a 24*40 per cent. 


The berm soil was considered useless, as it contained very little 
besides cohesionless silt, and as the clayey soil and sand were available at 
the door step, the berm soil was excluded from the final soil mixture which 
consisted of two parts of clayey soil and one part of sand. To this 40 per cent 
graded kankar was added, the grading being the same as in E.xperijnent I. 


Execution . — The process of mixing, compaction and curing was tlie 
same as for the Kot Laklipat Road, Experiment I. 

There was one awkward difficulty met with on this work. In order 
to prevent the breaking of tlie edges of the tarred central portion, they 
had been sloped off. This necessitated tlie cutting of the .sloping metalled 
portion over 6 incli on each side, so a.s to get a proper joint between tlie 
metalled and tlie stabilized pavements. As tliere was no help for it, this 
was unwillingly done. In some short lengths, however, the sloped portion 
being very wide was not cut off entirely and so tlie stcabilized surface 
had partly to ride over the tarred sloping edge tude figures 14 (a) and 
14 (i). This w'as a mistake as will be seen later. 

In a small lengtli, crashed brick was replaced by kankar, the grading 
of the crushed brick being the sarae\as.’for, Jixperiment I. This was 
done to compare the wearing qualities of 'the tw'^^naterials. 

Behaviour : — The experiment was comi&ted. ^’hrds the end of 
December 1939. ’ . it ■ * > 
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In April 1940, the Soil' Research Sub-Committee of the Indian Roads 
Congress, inspected the experiment and the following remarks were 
entered in the minutes of the meeting held afterwards : — 

“Tho Committoo also inspected sojno espcrinieiits carried out by the 
Punjab Government in miles 10 and 11 of tho Lahorc-Fcroitopur Rond. The ^ 
work was done some four months ago. It is uiifortunato that tlie osperiments 
are again on the berms of n road, but they are very successful, 

Tho Committee, however considers that the cost was liigh.” 

Towards the middle of November, the condition of the berms is 
excellent, though it is felt that they require to be once sprinkled with 
water. 

The monthly sprinkling of water was stopped in April 1940, to see 
how long the berms can go on witliout requiring to be watered. 

A length of half a furlong has been left witliout any monthly water 
sprinkling from the very beginning, and tliough it is still in good condition 
in the middle of November, it is yet too early to draw any conclusions 
from its beiiaviour. The idea is to see whether with a very restricted 
use of chemicals, the berms could be maintained economically in areas 
where no canal water is available along the road side, for monthly 
watering. Chemicals will be used on this section when absolutely 
necessary. 

The brick is behaving generally much better than kankar, tliough 
due to the fact that traffic passes over the berms only for crossing or 
overtaking, there is hardly any crushing of kankar on the top as in the 
case of Experiment I, where tiie traffic is heavier and the whole of it 
has to pass over the stabilized portion. 

The wear on the berm in a little over 10 months is hardly g inch and 
at this rate it is expected that the crust will last at least 5 years, if allowed 
to wear out completely. 

At the places where tlie sloping edge of the metalled portion was 
not cut out entirely, the portion "A" in figure 14 (a), got pushed out by 
traffic, and Hie rain water standing in this portion for many hours, 
caused a comparative softening of the adjoining portion, resulting in 
squeezing out of the stabilized soil to a depth of about one incli in these 
portions. Patching had to be done here, and now the portion “A" is 
being filled up with tar premixed bajri and no further trouble is expected 
after that has been done. This should have been done in tlie first 
instance, as tliere are only a few such lengths a couple of feet long each, 
figures 15, 16 and 17, relate to this experiment. 


Economic PossibiUties^—The cost of stabilization in tliis case is 
Rs. goo/- per 10 feet wide-njile.orcRs. i.'7.per 100 .square feet. 

- *■ v’?.‘ ' 

The service value of TOese stabilized Mrinsj in rural areas, compares 
not unfayourafcl^with actual wi^eaing-;_^o‘f'lih^talling, in as much as the 
danger' ;.to.;tfaffij^tjjrough'*ii}u$t clouds- '6r slippery . slush is entirely 
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eliminated. Th.e cost of widening the metalling to the same extent would 
be about Rs. 12,000/- per mile. 

Even otherwise, judging from the behaviour of the stabilized berms 
during the last to months, the life of such a berm may safely be taken 
as 5 years. This will spread the initial outlay to Rs. 180/- per year. 
The cost of maintenance as based on the experience gained during the 
last 10 months, may be taken as Rs.70/- per year, i. e. |th of a cooly per 
mile, plus Rs. 34/- for patch materials. 

The total cost of making and maintaining the stabilized berms 
would thus come to Rs. 250/- per year, as against Rs. 225/- per year 
being actually spent by us at present in the Punjab for keeping the 
berms in their present kacha state. (The figure of Rs. 225/- is taken from 
Chief Engineer Punjab Public Works Department, (Buildings and Roads 
Branch) Memo No. 425 — 427 — R.S.. dated the 3rd July 1940). 

And a point worth special mention is, that during the last 10 months, 
the traffic has produced no local settlemente on these berms in the shape 
of tiay depressions which are geaeraUy found on metalled roads. ' This 
points to two very important condusions : — 

(«) That the existing crust of the stabilized berms is strong enough 
to take up the traffic it is subjected to, and that as such, if it 
is surfaced over, it should bdiave like a permanent pavement. 

(&) That if properly designed and executed and surfaced, a stabilized 
soil pavement, should behave better than a metalled road, in 
so far as the formation of small depressions is concerned. 

The reason for this is, that in a metalled road, the sharp edges of 
adjoining stones, are in contact and the continuous vibration set up by 
fast traffic, and also, the direct load causes the sharp corners to be 
gradually rubbed smooth, resulting in a denser packing of the stones, 
which is made possible by the numerous voids in a water bound crust, 
and which in turn causes depressions on the surface. 

In the case of a stabilized soil pavememt, however, each bit of 
granular material is protected by a covering of soil, which acts as a shock 
absorber, and prevents the rounding oS of edges. Further, the maximum 
possible compaction having already occmred at optimum moisture during 
construction in the case of a stabilized soil pavement, there is no possi- 
bility of further packing under traffic and as such, no surface depressions 
can be formed after the crust has been surfaced over. 

As regards the possibility of surfacing over stabilized soil, the 
experiments are in hand and it is hoped that it will be possible to do so. 



Paper H— 40 


153 


EXPERIMENT IV 


EliminaHoii of soling in the widening of metalled roads — Miles ii to 
14 Grand Trunk Road, Lahore Gujranwala Section : — 


The use of brick for soling with the object of dispersion of load is 
an absolute waste of money, because a brick soling is capable of no 
dispersion of load whatever. 

The maximum intensity of pressure at the bottom of a soling brick 
is the same as the intensity at its top, because the area of dispersion of 
a wheel load through the wearing crust of a usual thickness of 3 inches, 
is larger than the area of a brick, and the bricks all act individually. 

It is sometimes advocated, that the soling bricks are capable of dis- 
persion of load, by virtue of the facts, that there is friction between the 
brick faces, and tliat there is also an arching action, due to the camber 
of the road. 

In actual laying of the soling, the joints are never made so tight 
as to provide any friction ; in fact they are so wide, due to the untrue 
shape of bricks, that they have to be filled up with earth or sand. As 
regards the arching action, the impression is entirely psychological, as 
will be apparent if the tension in the mud joints is calculated and so also 
the side pressure on the earth abutments for an arch having a rise of 
three inches only for every 10 feet of span. 

The only useful function of the brick soling is, that the area of 
contact of the load as it is transferred to tlie eartli is large, compared 
with the area of contact of ordinary metalling, and as .such, in the case 
of weak soils, the resulting compression for the same intensity of load 
would be less with a brick soling. Brick soling is, therefore, warranted 
only where the sub-grade soil is poor, and in that case too a flat brick 
soling is preferable to a brick-on-edge soling, because of its wider area 
of contact. 

The case of iJie unmetalled berms of old metalled roads is, however, 
different. For many many years, a few feet width of the berms on 
eitlier side of the metalled edge, has received compaction, under 
the wheels of passing vehicles, under different moisture conditions. In 
some reaches, the soil on the berms has, during the course of ordinary 
maintence, assimilated a happy mixture of sand, silt and clay, and also 
stray granular material in the shape of crushed kankar or bajri. This 
graded soil, has gradually obtained an extreme degree of compaction 
from traffic, under suitable moisture conditions, and stays in that 
condition, because it is always protected from surface abrasion by the 
loose earth “pushla" that the gangs keep putting on the top, to maintain 
the berms on the level of th.e metalled edge. 

The thickness, of %s stabilized soil crust varies from 4 indies to 
6 inches and, th'i" width from '4 to, 5, feet.' The crust is practically 
impervious '.and stable under the prevaifing-loads, in varying weather 
condition^. • ' ‘ - 
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Thus it can be safely assumed, that in the reaches described above, 
the subgrade is not poor and therefore the use of soling is not necessary. 

With this point in view, the experiment in question was taken up. 
Several miles on I,ahore-Gujranwala section of the Grand Trunk Road 
were due for widening, which was sanctioned to be done according to 
orthodox practice. 

For purposes of comparison, however, a length of half a furlong 
in each of the miles, li, 12, 13 and 14, was done without any soling and 
a metalled crust of 3 inches only (unconsolidated) was used. 

The following rules were observed for selecting suitable reaches: — 

(a) The soil is so compact that it cannot be easily dug with a spade 
in the dry weather. 

(b) It does not rut in the wet weather. 

(c) It does not rut in the dry weather. 

(d) The only action of traffic on it is surface abrasion. 

(fi) It does not get soft and fluSy in winter owing to the presence 
of detrimental salt. 

(Ruts should be carefully distinguished from surface abrasion, in the 
dry weather. One may sometimes be misled by the bad condition of the 
loose "puslila" by the side of the metalled edge ; this should 
obviously be removed before examining the soil.) 


E.KECUTIOK. 


The surface was dressed down to the required level and camber 
by careful cutting so that no filling would have to'be done. The bed 
was then thoroughly wetted and a one inch layer of graded soil spread 
on it. Over this was spread 3 inches of stone metal graded from 1 J inches 
to I inch and water bound with a lo-ton roller, letting the loose graded 
soil work up into the voids of the stone metal. The metalling was then 
surfaced over in the usual manner. 


Behaviour : — ^The experiment was completed in August, 1939 and in 
November, 1940 their condition is excellent. 


Economic Possibilities ' :-i— It is felt that a'lC 


; of sa-^iig.fcSa ,be effected 
.'reaches which 
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BXl»K1!IMKXT V. 


The use of stabilized soil <is a fomdalion in miles S, g, 10 (pari), ii 
(part), 27, 28, 29, jr aud 33, of Lahore Ferozepur Road (widctiiitg). 


In order to reduce the cost of widening, it was decided to use a 
stabilized soil foundation (4^ inches loose) under 3 inches (loose) of stone 
metal. 

The laboratory analysis of the soils in various sections is given in 
table Figure iS. 

It was considered that except in mile 8, the existing soil mixture in 
each of the other miles is suitable for use as a foundation, in combination 
with 40 per cent graded kaukar. 

For mile 8, tire existing soil was mixed witli riv’cr sand in the ratio 
4:1, aud to this mixture was added in the ratio 3:2. 

The process of execution was the same as in Experiment IT, and as 
a light roller was not available, the rolling was done here also with an 
8-ton roller. 

Since compaction of a foundation course under traffic is not desirable 
after the weariug course has been laid on, the following procedure was 
adopted to fully compact the foundation before putting the wearing course 
on top. 

The mixture was lightly rolled with the heavy roller and left over- 
night with a thick sprinkling of water. Next morning it was rolled again 
and then left for 3 days, with a light sprinkling each evening. On the 
fourth day the lop course was consolidated and surfaced as in the case of 
Experiment IV. 

The work has been recently done. There rvere no local settlements 
w'halever during the course of the consolidation of the wearing coat. 


Cost : — The cost is Rs. 650/- per 6 feet wide mile for 5 inches loose 
thicknciss, as against Rs. 2137/- for brick-on-edge and Rs. 1425/- for flat 
brick soling, for the same width. The economy is self-evident. 
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GENEIIAE CONCI.USION 


It is strongly felt, that the young science of soil mechanics is not 
receiving the attention it should, in this countrj'. 

The general impression seems to be, that you cannot do anything 
with soil, so long as the bullock cart is there. It is to be agreed that the 
bullock cart does make this difficult problem very much more so, but 
there seenis to be no justification for giving it up as a hopeless task, 
without giving it a fair trial. 

Inspite of the many handicaps of research of a quasi-private nature, 
the results of experiments conducted by the writer for the last 3 years 
have been very encouraging all along, and it will be a great pity if in view 
of that, further research is not vigorously carried out. The time has 
certain^’ come, when we should get rid of the bias against soil stabilization, 
and try to give it the place it deserves, in the science of Highway 
Engineering. 
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Figure 11. 

Showing Cross Rolling of the wearing course. 
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Fij'iuv. 13 (a). 

The Soil Research Sub-Coniuuttee of the Indian Road-> Conj'ress, inspecting the 
Kot Lakhpat Link Road in April 1040. 
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CORRESPONDENCE. 

Comments by Mr. W. L. Murrell, (Blbar). 

My personal view is that by far the most important road problem 
and necessity in India today is that of the balancing of the road system 
by the rapid development of a "minor triangulation” or network of minor 
roads suitable for both motor transport and fairly heavy cart traffic. 

And the situation is extraordinary in that, though we are now getting 
some money to construct these minor roads, the road experts do not agree 
as to the best types tp be adopted. We are as people who have suddenly 
achieved moderate wealth, but who do not understand how best to utilise it. 

In short, the problem of the minor road is our major road problem. 

It is suggested that there are two reasons why we have not reached 
agreement : — 

(a) Some of us still believe that the steel tyre is inevitable for future 

India. 

(b) So many of us do not understand soil stabilisation, and are, 
therefore, shy of adopting it. 

Many of us and the number is increasing, believe that the future 
lies witli the village-made 'broad wooden or other non-cutting tyre, and 
also with the pneumatic cart-tyre. We refuse absolutely to be resigned 
to the idea of the continued dictatorship of the steel tyre. All such will 
doubtless agree that Mr. Mehra’s work and his Papers written for the Roads 
Congress are of great national importance. 

Of the six experiments, No. I is a classic and Nos. Ill to VI will be 
most helpful to those who are concerned in pavement-widening projects. 

As regards Experiment V, pavement widening was commenced on 
these lines in Chota Nagpur some four years ago and has been very success- 
ful. In Chota Nagpur, no specially stabilised soil foundation was used as 
the berms had been stabilis^ by receiving road grit for many years past. 

It is Experiment I that I Wish to connect witli the low-cost or cross- 
country minor road of the future. With the abolition of the steel tyre, 
we or our successors, will be able to construct wider and thinner pavements 
in brick metal, kuitkar, mooram, crushed rock, and gravel, that will be able 
to stand up to fairly heavy cart and motor traffic. 

Mr. Mehra brings to us a cheap type suitable for light traffic which 
can quiddy be converted, with increasing traffic, to a type suitable for 
fairly heavy traffic like the types just mentioned, but superior to them in 
that it will be dust-proof. ■ 

The special ppint abojit this dimp-type is^tfiat itwillvbe5.cheapest in 
the large tracts cove^dvliy great'-Goy^fl’^ient irrigation projects and where 
a good sy;stem 'of Vnlnor roads wiB^gfch the producer^ higher prices and 
help him to pay his-water rates. ^^®se very placeS tha^^ mooram, 

crushed' rd^, aiiid gravel are genera;hj^'ehobtainable. ' 
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The following cheap type is based on Mr. Mehra’s Experiment I. 


Specificalion : — 



(a) Foundation and wearing courses, vide pages | 

14 1 and 142 of Paper H-40. 1 Stabilised earth. 

(b) Wearing course, vide page i^2 of the Paper. ) 


'^Cost per tiiile : — 


12 Feet 
9 Feet^ 


Rs. 2,000/' 


2 berms x 2 J Feet 


Rs. 2,666/- 
Rs. 400/- 


say Rs. 3,100/- 

If we want the higher type for fairly heavy traffic, or desire to utilise 
the above sketched type for increasing traffic, all we need do is to prime 
. and surface-treat the central 12 feet of the above type. 

Cost per mile ; — 

(a) Stabilisation as above. = Rs. 3,100/- 

(b) Priming at Rs. 1/8/- and surface 

treatment at Rs. 5/- per 100 square feet = Rs. 4,120/- 


say Rs. 7,200/- 

If I were complacently resigned to the dictatorship of the steel tyre, 
however, I would suggest something like the following as the section to 
compete with both those given above. 

f $f 

< ^ 9 -o ^ 

L 6- 6 — Jf -iZ-o' i-s'J 


specification?^ . 

X— Cenjent concrete track^ 3 i^'fe<Ic® 3 ed carts, unloaded carts 
leaving the trackways and passingoditfie.stabflised earth pavement. 

Y— PaVemei^^r'^e'Experitl^l^,-* - 
Z--'Berrf,^et«^t9Mlisatior^^« ' 
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Cost per mile : — 


X — Trackways. 

. . = Rs. 9,000/- 

Y — As above. . . 

. . = Rs. 2,660/- 


• • = Rsf 44®/“ 

Extra width formation. 

. . = Rs. 100/- 


Rs. 12,200/- 


In case double trackways had to be provided later, the cost would be 
Rs. 21,000/- per mile. 

The above figures are based on 

Aggregate for concrete at about Rs. 30/- per 100 cubic feet 
And chips at about Rs. 38/- per 100 cubic feet 
As well as on Mr. Mehra's Figure 12. 

Equated payments and maintenance costs are not discussed, as Mr. 
Mehra is naturally not yet in a-position to give these for stabilised earth 
roads, either plain or surface-treated. Also I, at present, believe that the 
Rs. 130/- per mile stated in Table I Paper D-40, page 52, would be 
insufficient to cover tlie maintenance of the trackways, to say nothing of 
the stabilised earth surfaces. 

The comparison is made, not only with a view to bringing out the 
point that the minor road network could be greatly expedited, with the 
limited funds available, by the use of earth stabilisation, but also with a 
view to showing the necessity of replacing the steel tyre by village-made 
“balloon” wooden and fabric tyres as soon as possible. 

2. As regards Mr. Mehra's statement that the use of brick soling is 
an absolute waste of money, I would like to express some difference of 
opinion. 

If one considers a wheel load coming over the joint between two 
bricks 
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that the outer ends -‘a! .aud^l^Bi the bricks tend to^rise, I suggest 
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Besides this, the brick soling performs quite useful functions as 
described below. 

(a) It prevents the earth from the road bed from working up into 
the interstices between tire pieces of metal in the layer of metal, thus 
lowering the metal surface in those spots where the bed is more clayey, 
or where there are segregations of larger pieces of metal. 

This differential vertical movement of the wearing course is prevented 
in some countries where stone or brick soling has been dispensed with 
under water-bound surfaces, by first spreading in the road bed' a thin 
layer of cheap small aggregate before placing the road metal, in order to 
avoid this differential penetration from below, or differential settlement 
from above. 

(b) The brick soling is a most reliable tell-tale when the wearing 
coat has gone. 


3. On page 144, Mr. Mehra states "It is possible to surface- treat 
this stabilised pavement after appb'ing a suitable tack coat.” 

Doubtless Mr. Mehra means a priming coat, so that the bituminous 
material will penetrate the stabilised earth, as well as make the surface 
"tacky" to receive the surface treatment. If only a tack coat (non- 
penetrating) were used, traffic would soon cause a dust film under the 
surface treatment which would tlien quickly peel off. 


4. I would like to make a few remarks about the excellent, if necess- 
arily rather hurried, demonstration* by Mr. Mehra at whicli members of 
the Council and Sub-Committees were present at Delhi in Januar}' 1941. 

Mr. Mehra showed us the teclinique of sieve-testing, obtaining the 
liquid limit, plastic limit and plasticity index, etc., of a soil so as to enable 
one to catalogue it in its right place for use as a material for road work, and 
he stressed that it should be the more practical tests such as these whicli 
should receive our consideration. 

To me it seemed that the tests, if practical, were rather lengthy, 
and took much time. 

In 1939, I inspected the soil-testing arrangements of the eastern 
states of Australia and was struck with the comparative simplicity of 
those adopted in Queensland. These are described in the Collections 
No. IRC 62 of tlie Roads Congress Dibrary, but a very brief description 
is as follows - 


To begin with, a fairly large number of widely varying soils is exa- 
mined minutely for the above-mentioned soil characteristics, and the 
results are carefully Jiept as- pilot dir control. records, < 

The saro.o soife-are ihen'.s,ubjeKjfii^{(^%0; additional but fairly quick 
and very simpte^sts«^aQWn as the^gj^i^^^^^gffitesL and the. miniature 
abrasion test.^' - ' 


For 
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drying oven and, for the latter, a number of tin moulds X i X l inches 
and some square, screw-top jam jars about 5 X 3 X 3 inches mounted, 
like the cylinders of a Deval rattler testing machine, on an axle turned 
by hand. 

To make the linear shrinkage test, suiScient water is added to the 
soil so tl:at it will just flow into the long, greased mould. The sample is 
then dried in the oven and the cracks or spaces are measured as a percen- 
tage of the length of the mould. 

The miniature abrasion test is equally simple. 

Sufficient water is added to the soil so that it will flow into the small 
moulds, and the samples are then dried in the oven. Four samples 
weighing W, in all are then put in a jam jar and the jar is rotated for 
100 turns at 30 to 33 turns per minute, and then taken out and again 
weighed. If Wj be their total weight after extraction from the jam jar, 

then the miniature abrasion loss is ^ X 100 per cent. 

W, 

It is all very simple. Without the weighing scales, the equipment 
would not cost more than Rs. 80/-. 

Now these two results, the linear shrinkage percentage and the 
miniature abrasion loss percentage, are recorded along with the other 
information for each of the pilot specimens. 

Then whenever anyone, engaged on a project, wants to know the 
liquid limit, plastic limit, plasticity index, etc., of any other soils, only 
these two quick tests are carried out, and the results arc compared with 
the equivalent records of the pilot or control specimens. 

It has been found that it is good enough in practice to quote the 
respective liquid and plastic limits, plasticity index, etc., for the control 
specimens which possess similar linear shrinkage and miniature abrasion 
loss percentages, as being those of the samples received from a project. 

I would like to suggest that this system should be adopted also for 
India where the number of specimens, we will have to examine, will run 
into some thousands annually. The collection of information for control 
records could be dealt with centrally, and copies could be supplied to the 
provinces who would do their own miniature abrasion and shrinkage tests. 

Queensland also supplies those engaged on project work with a 
numbered colour chart. Comparison of the colour of the project sample 
witli that of tlie control sample speeds up the identification of the project 
sample when looking for a control with which to match the project sample. 


' 5. There is even . more in' this, soil testing than the collection of 
information for the slabilisatio^^of-^d surfaces. 
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bed and so, the more stable the soil in the road bed, the thinner and 
cheaper can the pavement be made. 

The Queensland Main Roads Commission have worked out a chart, 
vide No. IRC 62 in Indian Roads Congress I^ibrary, from which the 
economical thicknesses of water-bound and concrete pavements can be 
read off as soon as the liner shrinkage percentage, the field moisture 
content and the percentage material greater than 3 millimetres in the 
road bed are known. 

The chart is applicable to soils of all kinds; and its eventual adoption 
here might save much, even on one project. 

6. I hope, Mr. Mehra will some day soon give us something equally 
practical on soil stabilisation with cement and with molasses-cum-lime. 


Reply by Mr. S. R. Mehra (Author), to the above comments. 

1 think, I can compliment myself in having converted, as a result 
of three years’ sustained effort, one of the foremost among those highway 
engineers who are genuinely interested in the great problem of low cost 
roads for India, to the view that it is not an impossible problem and that 
there is a reasonable chance of finding a solution. 


As regards the pavement widening in Chhota Nagpur on the lines 
of Experiment V, I should like to utter a word of warning. This is really 
covered by Experiment IV viz. Elimination of Soling, and the five rules 
laid down in the description of Experiment IV must be carefully observed. 
Otherwise, the venture may result in discouraging failures, due to unsui- 
table subgrades. 

The non availability of mooram, crushed rock, and gravel in most 
areas under irrigation is recognized. But there is always the good old 
brick to fall back upon, which is available ail over the country. As 
already mentioned in my Paper, I am trying to evolve a cheap method 
of burning day sticks, which will also be cheap to break to proper size. 


The various alternative designs, suggested by Mr. Murrell for 
different grades of traffic, are very interesting but the main thing is to 
put them all to practical tests. It is only by undertaking bold experi- 
ments intelligently, that we can hope to come to definite conclusions. 
This is the only way of removing the scare of soil stabilization. 


So far as the question of maintenance costs is concerned, it is use- 
less for me to try and assert that the figures given by me are correct, 
unless I have an opportunity of putting before the Congress, actual 
figures for a length of at least a hundred miles. My experience of the 
maintenance of the miniature Experiments I have .beep . able to carry out, 
however, indicate^*^n,.its -own' ,s^all wa^'-tfiat ■tny"fi&i‘es should not be 
far out. 

' S' 

I am a(t^d I. have no syPjpathyj^WeJilS^'brxdk .Soling, except 


in the case qf.fr^sl\ er^bapitr 
compactedv'anff,c(^i^gqSe**’“^’ 
of the load 


properly 

4%'se ' ^ r'^a .pf coii^t;^ 
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useful due to its larger area of contact. The brick-on-edge for soling 
should, therefore, be entirely forgotten and the flat brick should be used 
with reserve. 

Mr. Murrell, in his attempt to justify the use of brick soling, has 
unconsciously brought forward a point against its use, which I omitted 
to mention in my Paper. As illustrated in his diagram, the end 'a’ and 
'b' of the two adjoining bricks will tend to rise for the position of the 
load as shown in the same diagram. This will naturally help to reduce 
the effective w'eight of the crust at 'a' and ‘b’ and consequently lower 
the supporting power of the crust, whicli, in an elastic pavement like 
water-bound macadam, etc. depends mainly on its weight (thickness). 

Further, from the same diagram it is clear, that the ends of the 
bricks, directly under the load, will tend to go down, thus concentrating 
the load over a small area of brick instead of dispersing it. 

If it is assumed, that the joints between the bricks are filled with 
sand, as stated by Mr. Murrell, I suggest that there is hardly any friction 
whatever. The friction in this case is a direct measure of the shear 
strength of the joint between adjoining bricks, which, in the case of a 
cohesionless mortar like sand, is nil. Even if the joints were filled with 
a cohesive clayey soil, it will more often than not be in a damp state due 
to the capillarity of the subgrade, and as such, have very little cohesion. 

Mr. Murrell states that one of the advantages of brick soling is that 
it prevents pieces of metal from penetrating into the subgrade I have 
already agreed that if the subgrade is liable to softening, brick soling is 
useful. But it must be flat brick soling. 

I agree with Mr. Murrell that the tack coat for surface treatment 
should also penetrate into the surface or 'prime' it to an extent. But 
the main object being to make' the surface 'tacky' tlie expression tack 
coat is used. Perhaps someday when we have made enough progress in 
soil stabilization and are qualified to prepare a glossary of terms, we shall 
call it 'tack primer’ or something like that, to end an argument. 

The simple tests related by Mr. Murrell, which are said to be in use 
in Australia, are very interesting. I am looking into these and will 
perhaps, in course of time, be able to report on the result of my inves- 
tigation. I am thankful to Mr. Murrell for pointing this out. 

The possibilities of cement and molasses ns soil stabilization 
materials are under examination. But due to the limited resources of 
my private laboratory, it takes me much longer to get down to a problem 
than would be the case with a properly equipped laboratory, and as such, 
1 can only say, that a report will someday be made on this point also. 


.i . 
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NOTES ON 

DRAG SPREADING AND DRAG BROOMING 

(with plans for inexpensive, country-made 
plant, and with specifications) 

BY 

Mb. W.L. MuRKEr.L, B.C.E.(Mi:i.n.), A-M-Inst.C Em 

Superiiifeitdini Engineer, Public IPorAs Deparhitenl, Bihar. 


Tlie'e notes commence with b confession (nul nn appeal. 


The confession is that, owing to the writer’s ignorance of tlieso two 
methods, ho has in his time, wasted many tens of thonsands of rupees by 
rooting up and ro-sootioning roads that did not really need to bo so treated. 

Tiio appeal is for senior engineer oflicerato get junior engineers intciested 
in both methods, so th it they will eventually be applied in their respective 
fields, more or less as routine procodui'e. 

To start with, it would bo unnecessary and fatal to treat drag spreaders, 
drum mixers, drag brooms, and koroseno-tin |>ourcrR as tools and plant 
required for the general use of a division.. There may bo great delay in getting 
sanction and funds. The Government of India Public Works Account Code 
paras 174 (b) and 21 G (b) enable such tools to bo charged dhect to works 
estimates, oven for repairs. Tf the estimates are small, a drag spiendei may 
bo charged to one o.stimato, a dr.ag broom to another and so on. Nor should 
there, et first, bo too much insistanco on the accuracy of estimates for these 
new kinds of work, lied tape kills progress. It should sullico tliat any item 
of work, the cost of which cannot ho foreseen accurately, should be done 
departmentally under responsible direct supervision, all noeessary information 
being recorded. 


There are generally one or two officers keener on read work than 
tho'rest, and those might best bo giren such ,work, nn attempt being made to 
lighten them of a few normal duties. 

Once 
worked to 

inspect, Jiny' nlMf^iit^jfitciritfcs bcin, 
like Iv-Yo ...... , 

time 


owed to tttcinlV' '(there is nothing 
nd plans, ta 
Sucourage, 



0 a pni,c|ii^I d’difib'tjpt^tj^i. Notes lifjk. the. present, oiiejtnnd plans, take 
10 to roafl^nd very' t'afe’fyido thoy’.Jiy or 
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DRAG SPREADING OF PRE-MIX 

The practice of " drag spreading ” is stmpb’ and esseatialJy a 
method for the improved laying of a pre-mixed chipping carpet by moans 
of a blade, placed at right angles to the road, each end of the blade being 
carried on a sledge-like skid or runner placed lengthwise with the road. 
The blade and the two runners constitute the drag spreader, which is 
pulled along Die road. 


There are two kinds of drag spreader: — 

|«) The light or hand drag, Plate No. 2. In this case, the drag 
is pulled along by men, whilst other men pour the pre-mix 
on the road surface in front of the blade. 

(i>) The mechanical drag.* In this case, the drag is pulled along by 
the motor truck which has brought the pre-mix from the 
mixer and which, while towing the drag, pours the pre-mix 
on to the road surface in front of the blade by means of a 
body-tilting arrangement and special tail-board. 

This second kind of drag is much heavier, having controls for 
altering the setting of the blade while in motion, and an arrangement 
for allowing some pre-mix for special purposes to escape laterally through 
a gate in either of tlie runners. 

Whichever kind of drag .spreader we consider, the practice of drag 
speading is, without the slightc.sl doubt, by far the most important 
development in road-work technique made in the last ten years. 


This note denis with the light or hand-drag bccau.ce its construction 
is possible in am' ntafussil workshop at verj' low cost, and its use is 
simplicity itself. The attached plan, Plate No. 2, for wliich we are 
indebted to Mr. D. V. Fleming M.I.K. Aust., Coiinni.ssioncr of Highways, 
South Australia, gives all information ncccs.sary for its construction. TJie 
drag spreader made at Muzaffarpur cost Rs. 65/-. 

Please see the i inch= i foot drawings, Plate No. 2, and note the 
"spreading blade”, its two '•nmners” and "draw-bar*’. The slotted clamp 
at each end of the blade allows the blade to be raised or lowered with 
respect to the runner i.e,, with respect to the road surface. 


Either end of the blade can he placed at the same height above 
road surface, as the other end, or at a dilTcrenl height. 

. camber is not given on the blade but on the iron or 

steel edge of section .| inches by J indi boiled to the blade. The camber 
of the steel edge ilhi*.tr.-ited .is i inch in o*'.. feet : but we can have different, 
inter-changeable steel different camber, or for -no camber. 

And timtfs an'l|icre isTo itf but pdrhnps th^ writer «.hould add that 
certain users in India have sugg fateJ that- the tof^db'tllc’bladc should be 

o t mechanical drag kindly rof^r to Library 

Book, Oataloguo No. ' *. 
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furnished with a fixed strip of sheet 4 inches bs' I inch, curved upwards 
and forwards so that any excess of pre-mix will not fall to the rear of the 
blade, but will be thrown forward in the directoin.of motion. 


Now about the prc-inix. 

The writer will confess that it is not so very long ago that tlie word 
"pre-mix” frightened him out of touching any pre-mix specification. For 
him, this word was associated mth great difficulty in obtaining expensive 
plant, and trouble in keeping it going. 

• This fear is now a thing of the past, thanks to the ‘‘home-made" 
revolving drum mixer, a constructional sketch of which is attached, (Plate 
No. 3). Such mixers cost about Rs. 21/- made in JIuzafiarpur, and will 
last a long time. The design was originally prepared by one of the binder 
companies and we should be grateful accordingly. 

A drag spreader will keep 20 or 30 of these drum mixers going but, 
for a small job of half a mile or so a dozen mixers should suffice. 

A power roller is, of course, necessary. The ordinary niedium-to- 
light roller is preferable, with the usual quick reverse so that the spread 
material will not be squeezed out from under the rollers by there being 
too long a . stationary period. !i differential on the roller also helps, 
so that the roller can turn fairly sharply without unduly ‘‘screwing into” 
the spread material, but it is not essential. All this, however, refers equally 
to the consolidation of any bituminous material. 


The uses of the drag spreader are : — 

1. To spread pre-ini-xed material evenly over an even road surface 
to a uniform depth. This is obvious. A light drag can spread up to 2 inches 
(consolidated) depth, and a mechanical drag up to 4 inches, at a lime. 

2. To spread pre-mixed material over an uneven surface, so 
that the top surface of the pre-mix is even. This is not so easy, as the 
effect of consolidation has to be considered. 


Here please refer to the diagram illustrating the theory of the drag 
re-sheeting process, Plate No. r, for which we arc indebted to itir. S.I.. 
Luker, B.Sc., A.M.Inst.C.E., of the Department of .Afain Roads. 
New .Soutli Wales, who is tlic chief pioneer of this Icclinique. 


It will be seen from Plate No. i, diagram 3 that, where the original 
road surface is very uneven, the consolidated pre-mix will also Ijc uneven, 

though to a less extent, ./ v- 

' « V '> • . 

Therefore, for rough surfafce's a sm^(h^r 0 S cortrjV^nilist be done first, 
wrffi diagram No. I. 




As a general rufe, .a' second or weaning coHf.sY suffices for completion 

'rinal rodd. surface 


i6o 
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In the case of corrugated or other rough road surfaces, it is possible 
to complete the job with a smoothening and a wearing course, even though 
the crests of the bumps maj’ be as much as two inches above the troughs 
or hollows. On the average, the material to be allowed for ^ expenditure 
in this smoothening course, where necessary, is taken as 0.6 inch consoli- 
dated depth over the whole area treated. The consolidated depth of the 
wearing coat is from 0.5 to 0.75 inch over the bumps. 

It will now be seen that drag spreading has an enormous advantage 
over surface treatment in that a smooth surface results from the former, 
whilst simply painting an uneven surface and then putting chips on it, 
merely reproduces all the original bumps and hollows of the old surface, 
especially when the surface treatment is not done with cold binder, and 
a roller dragging a broom. 

This smoothness of surface is now being recognised as of the utmost 
importance, as it has been found that a road to carry fast traffic can be 
made very cheaply if only the surface is smooth. The point is that bumpy 
surfaces cause traffic to transmit to the base course and sub-grade 
exceedingly great forces which do much hann, so that the surface becomes 
still more uneven, and maintenance charges are increased. The engineer 
must also consider the comfort and safety of road users. 

A most important fact about these thin, pre-mixed, drag-spread 
chipping carpets is that they can do much higher duty than the surface- 
treated road, and this is especially so when the cliips are very tough and 
hard They should last at least twice as long as a surface-treated road. 
Conversely, chips that are likely to crush, should never be used in pre-mixes. 
They might be used to a very limited extent only for surface dressing and 
road mix seal. 

3 The third and the last main use for the drag spreader is in the 
correction of camber without rooting up the roadway and resectioning 
it at considerable cost and great inconvenience to the public. 

Most engineers are now finding that the camber which w’as necessary 
for water-bound surfaces is too much for surface-treated or other bitumi- 
nous surfaces. High speeds are making these high cambers positively 
dangerous. 

The trouble is that w e have so many miles of high-cambered water- 
bound macadam that a cheap means must be made available for reducing 
the camber. The drag spreader provides this means. 


Corrootiro course to reduce 
camber 



Block surfaced road uith - , 

.Jiiph camber„ 

_ In this case the drag spreader does a corrective course simply by our 
raising one end of the blade more than the other. Super-elevation can be 
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given or increased in the same way, and camber can also be increased by 
central dragging with a curved steel edge. 

All this applies equally to surfaces other than black-topped surfaces. 
Water-bound surfaces can be so treated if first primed, and cement 
concrete can also be treated if given cut-back tack coat. 

Another great advantage in not rooting up the old pavement and 
re-sectioning it, is that the old tried-out road surface makes a much more 
reliable base course for the new surface. The re-sectioned water-bound 
m acadam may have been consolidated with a very heavy roller ; but only 
prolonged tr^fic through the varying seasons can really produce final 
consolidation. 

The above are the main general uses of the drag spreader ; but it 
is necessary to remember a few general principles about pre-mixes, apart 
from drag spreading, before mapping out any programme of work with a 
a'drag spreader. 

Many will know all about what follows immediately below ; but 
this note is also written for our youngest members in the Roads Congress. 


PATCHING 

Pot-holes, or breaks due to old pipe-line excavations etc., should be 
patched as the first operation. These should either be done in water- 
bound macadam, well rammed, or else filled and well rammed with a 
pre-mix. On no account should these repairs be done by grouting as this 
practice subsequently leads to most troublesome "fat” or "high” spots 
in the fijiished roadway. 


GRIP ON THE BASE COURSE 

When a wheel passes over a thin carpet, it tends to squeeze the 
material out side-ways, so the material needs to stick well to tlie base 
oomse. However, when tliis material is a pre-mix, it usually contains only 
smncicnt binder to .slick its ingredients together and there is not, or 
should not he, enough binder to spare to "wet” and stick- to the base course. 

Hence the course should be treated with a binder before the 
pre-mix IS spread. This is done, cither by giving a tack coat which simply 
covers the base TOurse, or a priming coat which both penetrates the base 
course and also leaves its surface sticky. 

ot sideway?moveraent is considered so important 
in reducing camber- by the corrective- course method, it is usual 

to cut a groove one inch or so,deepand,wjde.right along the old pavement 
at a distance of a few inches from each V^.Us edges.'’' . ^ ^ 

" subsequent formation of a 

dust fijm due to the cruslung of materials in the base course. There- 
fore. It 16 inadvisable to use a thm chipping carpet over ihaterial which 
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is inclined to go to powder, unless one thoroughlj’’ treats the base course 
with a good, penetrating, sticky primer, and lets it get well into it 
before drag spreading. 


PRIMING 

This must be done for all water-bound surfaces before a chipping 
carpet is allowed, but care is to be taken that excess of bitumen does 
not remain on the surface of the base course, as it might soften the 
chipping carpet. The following cold primers have all been proved : — 

Shell Primer N0.2, Socofix Primer No.i, Cold Tar Primer, and 
doubtless the companies will improve even on these. The rate of 
application is 20 to 25 pounds per hundred square feet, but it depends 
on the texture of the water-bound surface and the materials in the 
interstices of the stone. 


TACK COAT 

This should be done for all black-top and cement concrete surfaces 
before a chipping carpet is applied. Bitumen emulsion or tar or bitumen 
cut-back at 10 to 12 pounds per hundred square feet should suffice. 
Excess will soften the chipping carpet. 


WATER-PROOFING 

No pavement can last unless it protects the base course (if water- 
bound macadam), or the sub-grade, from percolation of water from the 
road surface. 

It must be remembered that the pre-mix put down by the drag 
spreader in the wearing course is only 0.5 to 0.75 inch thick and, even 
in countries where engineers have all facilities for tight control of the 
grading of the aggregate, they cannot guarantee that this thin course will 
be water-proof. They do their best by putting on very fine aggregate 
when the rolling is nearly complete, and rolling this into the interstices 
but, even so, water-proofing cannot be guaranteed. 

Of course, priming and tack coating the base course will help to 
keep the sub-grade dry, but it is desirable to keep the water out of the 
chipping carpet also as much as possible, especially if the stone chips are 
inclined to be bydrophile so that stripping of the bitumen may 
eventually result. 

To this end, grading* ^ould,^e attempted as much as possible 
Water-proofing can also be. hy;gel^^by brushing on small chips J inch to 
i inch size just before the rolling is completed, and by finally spreading and 
rolling even smaller aggregate. cubic feet per hundred square feet 
should be ample for this. Mr. Shaiinon (Burmah Shell) recommends coarse 
sand or J inch chips in preference' to | to J inch, possibly folloy^ed by a 
light seal.^ : - 
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The only positive means ot water-proofing the drag-spread chipping 
carpet itself, is to give it a thin coat of binder at about 15 pounds per 
hundred square feet and spreading fine chips or even coarse sand at about 
2 cubic feet per hundred square feet, and then rolling. 

Where drag-spreading is used simply for the correction of a surface, 
that is already water-proofed, it is better to leave the drag-spread carpet 
without any seal-coat, as the unsealed surface has a high non-skid value. 

GRADING OF AGGREGATE 

(For thin cuippinq carpets). 

Not only does grading help to make tlie carpet water-proof but, if the 
carpet is drag spread, it makes the spreading even easier. 

In none of the drag spreading the anther has seen in India, has 
grading of the aggregate been even attempted. The chips were rather 
too large, and with little variation in size, and of flat characteristics. 
That tlie drag spreader has coped quite successfully with such stuff shows 
what a wide niatgiu of safety is entailed in its use. 

In making this note, it is the writer’s object to refrain from writing 
any thing which looks complicated, and which might make road engineers 
shy of adopting either chipping carpets, or the drag as a means of 
spreading tiiem. He would rather get drag spreading started throughout 
India with pre-mixed chips of any old grading, than do anything likely to 
hinder the general adoption of tlie drag spreader. 

Therefore, the following sieve analysis for a wearing course, I inch to 
5 inch thick, which has been found to be fairly water-proof, is given simply 
for infonuation and not in any way as an indispensable specification. 
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There are, however, two fundamental principles about the size of 
chips : — . 

y ** ^ ‘ » 

(1) In' the smoothening course, the* coiTeqtLve cours? when 

done, chips cai}^be,darger and the percentage' of large chips’ can he a good 
deal higher thStfl as ".Shown in the above analysis for a wearing course. 

(2) jtn order to "previeh't lateral movement in the wearing course, 
the size the larger chips should be as.Jarge' as the drag spreader.can 
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convenientls' spread. Thus, for a ^ inch consolidated carpet, the sizes of the 
larger chips could be slightlj' more than those given in the above analysis 
and, for a J-inch carpet, slightly less. 

Should it appear that the cliips supplied are all too much of the 
one size, it is a usdul tip to remember the procedure of screening out the 
smaller size and then hand-breaking a portion of the larger size. It is useful 
to keep the larger and smaller chips separate until they are fed into the 
drum mixer, (vide specification, page 176) to prevent "balling up" when 
mixing graded aggregate. 

The grading of the cliips. and the introduction of fine mineral 
material prevent the realisation of tlie non-skid surface. If such a surface 
be desired at the expense of u-ater-proofing the carpet, materials passing 
J inch square mesh should be omitted, or the carpet should be surface- 
dressed. 


BINDER 

Though hot mLx, with hot aggregate and hot binder, is often used 
with the large, overseas mechanical drag spreader, it is customary, in 
order to simplify the plant, and in order to prevent the risk of premature 
"setting-up”, to use cold mix for tlie light drag spreader 

If an emulsion is used, it should be of the inediimi-curing type, 
like " Colas-mix ". 

If a cold cut-back is used it should be of a fairly quick-curing type. 

A mixture of heated cut-back and nnheated aggregate can be quite 
successfully used in the hot weather as was proved by ^Ir. I. A. T. 
Shannon who u.sed Shelspra B. S. ivhen trying out the drag spreader on 
the Dum Dum-Cossipore Road. Indeed, the Shelspra proved much 
cheaper than the Colas-mix. There are, of course, suitable Socony and 
Shalimar equivalents for drag spreader pre-mixes. 


WORKING OF THE DRAG SPREADER 

There is really nothing much to explain as the process is self-evident. 
A few practical points are dealt with in the attached works specification. 
Where the road surface to be laid down is wide, and needs to be done 
half and half, the second half-width is done by running one skid of the 
spreader along the top of the edge of the first half-width already spread 
and consolidated. In such a case it is necessary, of course, to lower the 
spreader blade near the raised skid.to an amount equal to tlie consolidated 
depth of the first half-width. • 

*4 

The alternative method is not to shift the blade at all but to lay the 
two half-widths with a gap few ipches wide between tlie two. As the hand- 
drag has no side-gate and tail-spreader, this interv'cninq space or gap must 
be hand-spread with pre-mix from shovels. This second metliod is, there- 
fore, more complicated. 



COST 


The cost of drag spreading has been shown in the attached com- 
parative table (page 171). The figures are based on the Muzaffarpur 
District Board work and are very much on the liberal side as none of 
the staff or labour had seen this kind of work before, and efficiency was 
not high. 

The road concerned (Muzaffarpur-Sitainarhi Road) had been metalled 
with PakuT stone, which is remarkably hard and without any cementitious 
value. The wet rolling eventually had to be done with a mixture of sand 
and clay-moorum but, inspite of this, the traffic soon commenced rooting 
out the metal, so that the road was becoming very rough. Also the road 
surface was undulating in places, especially where the embankment had 
subsided in tlie 1934 earthquake, and had been raised. 

The whole lengtli of 9 miles was, therefore, primed with cold primers, 
and this made it possible to put a bituminous surface on. Where tlic 
road was not so rough, ordinary surface treatment was done. Where the 
road was rougher, and too rough for ordinary surface treatment, drag 
brooming with Socofix and chips was done. In the roughest parts, a hot 
5 inch pre-mix chipping carpet was drag spread, without any smoother 
course. A very light seal was given ; but the' cost of this is not included. 

As the road had become so bad, it was questioned whether it would 
be better to consolidate with 3-incb new collection, and then surface- 
treat, or to first prime and then do the treatments described above. 

Priming and drag spreading have cost Rs. 1.9.0 plus Rs. lo.o.o or 
Rs. ji.g.o per hundred square feet as against Rs. 9.13.0. plus Rs. 5.13.0 or 
Rs. 15.10.0 per hundred square feet for reconsolidation and surface 
treatment. 

The saving of Rs. 4.1.0. per hundred square feet is due to the drag 
spreader. It is small compared with some of the savings which this process 
makes possible. 

Also the drag-broomed and ' drag-spread sections are now much 
smoother tlian the surface-treated sections. They were much rougher 
before. 
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ROAD MIX SEAL by means of “DRAG BROOM’’ 

or 

“DRAG BROOMING" 


A brief history of the process of mixing binder and aggregate in 
situ on the actual road surface will help one to understand the theory of 
this process, and the peculiar conditions which govern its practice 
in India. 

It was the Americans who first constructed quite thick bituniiuous 
pavements by using the large single blade of the powered grader for 
mixing on the road surface the materials for the pavement. First they 
spread tiie aggregate and, on top of it, they sprayed the binder, and then 
mixed the lot. Thej' called the process “niix-iti'placc” If they wanted 
to water-proof the work, the surface had to be scaled as a separate 
subsequent operation on top of the mix-in-place. 

The Australians adapted the principle of inix-in-place but they 
made tliin pavements with a seal film underneatli them, simply by 
spreading the binder, or much of it, on the road surface before spreading 
the aggregate. Thus they liave a road-mix and a seal in one ojicration, 
and they call it a road-mix seal. This is exactly what we aim at in India 
with our “drag brooming". 

Captain R.C. Graham {Paper No. P, Proceedings of the Indian Roads 
Congress, Volume V,) and Mr. S.A. Amir (Paper No,E- 30 , Proceedings of the 
Indian Roads Congress, Volume VI) refer to this as "niix-in-place" work. 
The description is not apt because it docs not mention the word "seal ". 

With many others, the author, persoiialh’, refers to it as the "drag 
broom process". This term also is not fitting as we "drag a broom" behind 
a roller in ordiHar3'’ surface treatment work, especially if we are working 
with a cold binder and we want to get more chips into the hollows where 
the binder has tended to acamiulate. 

Let us then try to refer to this kind of work as a “road-mix seal by 
broom", or simply a “road-mix seal". 

The .Australians, after repairing breaks in the road surface, spread 
the binder as already described. Then the aggregate is placed on the 
binder and spread out over it-witj{i a bjroom drag to an average deptli 
of anything from one half to .■onefinch. * The remainder of the binder is 
distributed over the spread-out aggregate, "i 

y ' t 

The Australian practice is “'then to mix, not with the latgc single 
blade of a grader, but by means of a special niixcr-dxag. 
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Illustrations of these mixers are given in collection No. IRC 
69 in the Library of the Indian Road Congress, They are most efScicnt,- 
but are too involved and expensive for general use in India, 

In an Australian road-mixer, there are a number of small, fixed, 
blades which scoop up the binder and aggregate as the drag moves for- 
ward. Both are thus turned over and mixed, and then spread by a follow- 
ing steel edge like that of a drag spreader. The small mixer-blades are 
kept pressed down on the road surface by springs so that they get fairly 
well into the hollows and deal with the aggregate and binder sheltering 
therein. Mixing is completed by only 2 or 3 trips. 

The other feature of the machine is that it has a long base, like 
the drag spreader, so that its spreader-blade acts in the same way as 
the drag spreader blade. Its spreader-blade can also be made higher on 
one side tlian on the other so as to do corrective work on high cambers, 
super-elevation, etc. 

After the second or third trip, the roller partially consolidates, and 
tlien fine chips or sand aie spread, and the consolidation is completed. 

But we cannot afford and could not maintain these road-mixers and 
the plant to work them. Therefore, we lengthen the broom drag, call it 
a “drag broom", and make it not only spread the aggregate, but al'^o mix 
it, A typical drag broom is shown in the enclosed constructional plan, 
Plate No. 4, (scale 2 feet ^ i inch). It is rather important to have the flat 
irons at each end for towing purpnscjj. Such a drag broom can be had in 
Calcutta from any of the big broom manufacturers, e.g. The Caledonia 
Brush Works (vide Directory), and costs about Rs, 77/- F. O. R. 

The long, stiff, frame with the lower edges of the brushes all at 
one level, makes the drag broom act as a planer and give a smooth 
surface. Patent brooms which fold in two for eas}' transport are useless. 
They defeat the main purpose as they lack sUfliicss 

Just as tractor and mixer, or auto-patrol with mixer attachment, 
are accompanied by expcusive and complicated sprayers, our drag biooni 
has its counterpart, the kerosene tin pouring can, a plan of which ts 
attached, Plate No. 5. 

The drag broom, Plate No. 4, and the jianring can, Plate No. 3. .ire 
poor things, but they are our own. 

What is marvellous is that such good and sound results are possible, 
and this seems to be a good opportunity to remember the good pioneering 
■work done in this direction by Mr. C. D, N. l^Ieares. 

There are two great defects- in this broom-drag, when considered 
as a mixer : — * . 

(a) The bthshes cannot gct^dolVn into the hollow.s to a sufficien* 
extent ‘to -mix ,the a^regate and the binder sheltering in 
them. They arc a poor sujjstitute for the small but se.irchin'; 
inixer-blades held down by springs on the real niachine. 
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(b) Tbe brushes are not really stiff enough to disturb and rotate 
the aggregate so as to get it all covered in the binder. To a 
certain extent we can overcome this by using less viscous 
binder, and " Socoffs ” appears to be good in this respect. 
The other manufacturers of binders can doubtless supply a 
similar, suitable, cold cut-back. Spreading the large-size 
chips first also helps. 

Another method of ensuring a reasonable degree of mixing is to 
make many trips with the drag broom, even before rolling starts. 


USES OF THE ROAD-MIX SEAL PROCESS 

1. For a good, level, existing surface, the best bituminous process 
for moderate traffic is ordinary surface treatment ( with priming where 
necessary). 

For a rough or very rough surface, the best treatment is the 
drag spreading of a chips pre-mix. 

For the surface betwixt and between, which is just too uneven 
for surface treatment, use the road-mix seal b3' drag broom process. 

2. Corrective treatment. 

Where the camber is too high, the large size chips should be 
spread towards the edges of the pavement, and the smaller over the crown. 


THE PROCESS 

This has been described by Mr, S.A. Amir in his Paper No. E-39 vide 
Proceedings of the Indian Roads Congress, Volume VI ; but a little more 
information might be useful to supplement what he has written. 

If the existing surface is water-bound, most of the binder should 
be ' spread over it before placing the aggregate, so as to act partly as 
a seal. If the surface to be treated is bituminous, only half of the binder 
need be placed first, so as to act parity as a tack coat. 

The grading of the aggregate, placed upon the bottom or seal binder 
is most important. There should be a good percentage of medium and 
small-size diips, not for water-proofing as in the case of the drag-spread 
pre-mix ; but so as to afford fine material that will be allowed by the 
broom to remain on the bumps, while '&e rest of the small chips go in 
the hollows with the large ones. .Only .^n this , way can one prevent 
excessive tinkering round witihj pij^mix® chips on the Jiigh or " bald " 
spots as described by Mr. Amir, .*■’ % 

The following is a screenf analysis for suitable grading, with a 
great deal of tolerance ; — ’ 
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The quantity of chips required will vary according to the roughnesa 
being less if the surface to be treated is smoother. 

The quantity of total binder will vary much as the quantity of cliips. 

Aggregate for covering the rolled surface should be of fine stone 
screenings or very coarse sand passing a ^ inch but retained on a J inch 
square mesh, spread over the road by means of the drag broom at the 
rate of ij cubic feet per hundred square feet, and then finally rolled in. 

The stone for the aggregate for road-mix seal, as well as for drag 
spread pre-mix, should have a French Coefficient of Wear of not le.«s 
than 8 wet. 


COST 

The cost of this road -mix seal work is given in the comparative state- 
ment attaclied (page 171), In this particular case, the figure.® given should 
he taken as a rough guide only, as tile chip.® on the Jluanffarpur- 
Sitamarhi Road job were not well graded, and not quite enough were used 
for such a rough surface. 


THE DRAG SPRE.ADER, OTHER USES. 


,ln tlie last 2 or 3 yeare, the drag spreader has been used in Victoria, 
along with surface penetration methods, for road surfaces that are too 
Undulating to be surface-dressed. 


First, tile undulating surface is cold primed or given a tack coat, 
and the dry chips are spread just in the same way as the pre-mix 
smoothenmg or wearing course above described, by the drag spreader. 


A ^ with bitumen emulsion, and rolled 

and finished as described above for the pre-mix. The idea, of course, 
IS to save the cost of pre-mixing. 

It is not quite so simple as it seems. 


«,iii ® slow-breaking emulsion E.used, so that excess binder 

tfioona down into the Mioliows wiicre the aggregate is 

difficult to get enough binder into the thick aggregate over 

overthP ©{binder in the thin aggregate 

over the bumps, thus leading to "fat spots" later. 
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The author had been experimenting on much the same lines in 1935, 
before the hand drag had been developed. On the Patna-Digha Ghat 
Itoad, as we then had no cold primers, we primed with hot No. i Road 
Tar and blotted with sand. When dry, we spread chips b5’ means of a 
home-made planer-drag, and penetrated with either Colfix or Colas, 
diluting the emulsion with local water. The work lasted a few months 
only, fading after the author had been transferred. The csiuses of failure 
were doubtless the great severity of the cart Iraflic, the quality of chips 
used, and possibly tlie dilution of the emulsion. 

The process was not devdoped as it was referred to a Conference 
of bitumen engineers in Bombay who opined that the practice had but 
little hope of usdul development. 

The author still tirinks that under tight control, this system of drag 
spreading dry aggre^te and then penetrating it, may be of use for short 
lengths where there is but little steel-tj’rcd trafiic and where it would not 
pay to set up mixing plant but, for an easy fool-proof corrective method, 
lie would go straight for the drag spreader and pre-mix, especially where 
there was little or no steel- tyred traffic. 


NOTE 

(For bolh the drag spreading and drag brooming pwccsst’;.) 

When first attempting the processes, it will be better to choose the 
quantities of materials so tint the consolidated thickness of the material 
over the humps will be f inch instead af { inch. Opera t rone for the ] 
inch cover require a little more skill, especially in the case of nrac 
brooming, and so should be lefr till all concerned have spent two 
or three days on ^ inch work 
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of women and boys as 0.7 times tlie wages of a man, and the wages 
of a mate, etc. for labour supervision, as twice the cost of a man, and 
includes SJ per cent as contractor’s profit on labour. 

A = Cost per hundred cubic ^ feet at site including all lead and 
stacking of coarse chips, e.xprcs-icd in rupees and decimal-! of a rupee. 

a - Cost per hundred cubic feet at site including all lead and 
stacking of fine chips, expre.-ssed in riiiiees and decimals- of a rupee. 

Rs Cost of fuel for heating the binder and raising steam for 
roller. It also includes all consumable stores for Iht toller, and wear 
and tear on band tools, barriers and lighting etc. 

The formulae do not allow for hire charges of roller, drag broom, 
drag spreader, tar Iwilers or mixers nor for interest, sinking fund 
or maintenance, or carriage of such ])1anL, nor the roller driver's pay. 

Should any engineer <lc.sire to incrc:isc the binder say in item 
4 from 34 to 42 pound.s per hundred square feet, ho will use the 
factor yjxo.oisab instead of simply o 0152 b. The other items will 
not be appreciably’ effected. 


Sl'KCIFIChVTfONS 

DcUiiled specifications follow for each process. In this respect it 
may appear to be bad policy, when trying to poitularisc a work process, 
to set down scores of “shalls" and "shall-nots'’. Really speaking, however, 
this specification is a collection of pieces of ad^cc, many' of them of 
minor importance, yet all helping towards turning out a good job. It is 
hoped that the length of the specification, al.^o, will not frighten those 
who have not yet used the procc.'N'* 

TJiis manner of settingout the advice as a serie.s of formal instructions 
is adopted so that the text can be used as spcciDcalions in contract 
documents. 

So far as the author knows, this i.s the first written specification for a 
chipping carpet spread by hand dragging. As regards the road*mix seal 
process, the author has not seen any descriptions oUicr than those given by* 
Captain Graham (Paper P) and Mr. Amir (Paper I1-39) before the Indian 
Roads Congress Volumes V and VI xcsiicctively. 


V 
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SPECIFICATIONS FOR A 

HAND-DRAG SPREAD PRE-XflXED CHIPPING CARPET. 

For Hbe: — i. Wherever a pre-mixed carpet is to be done. 

2. To obviate re-sectioning when putting a light bituminous 
surface on any road which is too undulating for surface- 
treatment or for drag-brooming i.e. where the bumps, 
spaced any distance up to 10 feet, are more than I inch 
above the intervening depressions. 

3. To correct camber or super-elevation. 


PREPARATION OF PAVEMENT 


Wati:r-hooki) maoauam, roukacd tbcated maoaimm, oh ot)1i;ii 

lllTUMIN’OO.S on OKMBNT CONCRETE hUnPAOISs 

' Any unevenly graded sections or long undulations shown by an 
t8-foot straight edge shall be rectified as far as possible. E.vcessivety high 
bumps shall be cut down, and long depressions shall be built up with 
macadam, bituminous if the existing surface is a black or cement one. 

Pot-holes or similar escarped depressions shall be well cleaned out, 
primed, and filled with a pre-mix of lire largest possible stone, and 
well rammed. 

Fat spots shall be cut out, and Iht surface restored to the original 
condition. 

Traffic shall be allowed on the road for at least a month after these 
repairs have been done. 

The pavement to be treated shall be dry, and shall be thorougUlv 
broomed to remove all superficial foreign matter. 

Except under conditions where injury to the existing pavement 
would result, pavements having excessive cross-fall shall have grooves 
about ij inches in depth cut on either side, parallel to and at a distance 
<af 6 inches from the edge, or as may be ordered by Engineer in-charge. 


PRIMING 

"Where the surface is of watcr-bofiM macadam, it shall be primed 
with from 20 to 25 pounds of approv^^j^ld, primer per 'hundred square 
feet as decided by the Engineer in-charge. Care shall be taken that there 
will be no excess of primer left on the surface, such as may lead to fat 
spots or softening of the carpet. If necessary, the Engineer in-charge will 
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order iu writing that clean coarse i<aad shall be s])read as a blotter. Any 
such order shall also record the reason for the excess of binder on the 
surface. 


TACK COAT 

This shall be of approved bitumen cmulsiuit, or cold bituineii or tar 
cut-back applied at the rate of 10 to i.,| potintl-s per hundred stjuare feet, 
as ordered by the Engineer iti-cliarge. 

Where the surface is a bituminous one, a tack coat shall be done 
as follows : — 

If the surface bc"drj’’. in poor coiulilioii, and inclined' to be 
britllc or showing too much inineral content, or if the carj^et is to be only 
i inch consolidated depth over the highest spots, the t.icl: coat shall he 
done over the whole area of the road to be treated, and similarly foi a 
cement concrete surface. 

Where the bituminous .•iurfacc is in goud condition and the tle])l!i 
of carpet over tlie high .spots is to be J inch, only the edgevs of the 
pavement for a width of flinches shall he given a tack coat. Where 
grooving of the edges is done, grooves shall he t reated 


AGGREGATE 

The stone chips shall be clean, tough, durnhle, free from dust, dirt, 
or other foreign matter, and have a Erench CoL-nicienl of Wear of not 
less then 8 wet. They shall be free from excess of flat, elongated, or 
rounded particles. 

No aggregate shall be accepted if it is known to have a tendency to 
strip when used with bituminous materials. 


GRADES (not grading) OF AGGREGATE 

TJiere shall be two grades, coarse and fine. 

Coarse grade shall be that in which the l.irire.>t chij>'<' wilf pas'* 
tlirough a screen of J inch square mesh. 

Fine grade sliall he that in which tlie largest rhip-. will pa^g 
through a screen of J inch square nicsb. ^ 

/ 

The coarse grade shaUf be used for srnootlicning courses and for 
wearing cotirees of J incli'c6tqiuidatcd thickness over the liighcsl portions. 

.The fine grade shall bo used' only for wearing couises of ^ inch 
consolidated tliickncss over the hfglicsl portions. 
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(iRADING OF AGGREGATE 

There shall be two gradiugs of both the coarse and fine grades, viz 
harsh grading, and proper grading. 

Harsh grading shall be tliat in which the various quantities of the 
different sizes have no definite relation to each other. Harsh grading is 
deficient in certain sizes, chiefly small, and has a high percentage of voids. 
No grading will be accepted or allow^ which is so harsh as to result in 
difficulty, or in unevenness in spreading. 

Proper grading shall be that in which the various quantities of the 
different sizes are such that the voids are minimized. 

Harsh grading shall be used in the smootheniug course. It may be 
used in the wearing course if this is to bo separately sealed, or if the sub- 
grade has been water-proofed. 

Proper grading shall be used in the wearing course where this is 
not to be separately scaled, and where there is any doubt about the 
water-proofing of the sub-grade. 

The kind of grading to be used shall be decided by the Engineer 
in-charge. 


STACKING TUP. AGGREGATE 

Stacks .shall he made at places at intervals of about 400 feet, and 
they shall, where possible, be placed on old biluiiien coiitiiner sheets or 
such like, upon dry, clean, level ground, handy to tlie roadside. They shall 
not be placed on the earthen flanks. Stacks shall be covered to jjrovent 
their becoming wet when there is risk of rain. 

Wherever a proi)er grading aggregate is used, the larger aggregate 
.should be stacked separately from the smaller, to facilitate mixing. 

The aggregate shall preferably be .stacked on the leeward side of 
The road, considering tlie direction of tlie prevalent wind at the time 
when the work will be done, as the mixer drums will also be placed on 
the leeward side of the pavement. 


RlNDlsR 

If an enmlsion l>e n.^od, it shall be of an appioved niedium- 
curing tyjie. 

If a cold tar bitumen cut-back fee used, it shall, be of an approved 
rapid-curing type. If any approved bind^ be_.used which, requires heating, 
the heating shall be carried out prefetlifiiy in proper boilers and it shall 
be properly controlled by llicr momeber, great care being taken to keep 
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the temperature well within the maximum allowed by the suppliers 
of the binder. 

The following shall be taken as a rough guide for estimating the 
amount of binder to be used per cubic foot of aggregate. 


1 

1 

Cold or Hot Cat-backs 

Emulsion. 

Harsh grading. 

3j to 3J lbs. 

5^ lbs. or 1 gallon. 

Proper grading. 

3^ to 4 lbs. 

For tar binders add 7A per cent 1 

6 lbs. or .7 gallon. 


BKFORE MIXING 

Samples of the materials and details of the proporlions to be used 
shall be approved of by the Engineer in-charge prior to the commence- 
ment of the work, and the details of the proportions sliall be adhered to 
unless an alteration thereof is ordered, in writing, to couforjn to any 
variation in the grading, or to suit any special icciuircmeuts of the work: 


MIXING 

Mixing shall be done either in mechanical mi.\er.sor in a number 
of revolving drum mixers as described in the attached drawing Plate No. 3. 

The mixing drums shall be placed on the leeward side of the 
pavement, considering the direction of the prox'alent wind, and in such- 
a way as to enable materials to be taken to llicni and from them with 
the least possible confusion and congestion of movenjent. 

Mixing shall be in diargc of an intelligent and responsible 
person who shall have no other duty whilst mixing, or preparation for 
mixing, is in progress. 

The mixing drain shall be placed on slicets of i>l<I iron so as to 
facilitate recovery of fallen material 

Sufficient drum mixers shall be employed to fceei> the drag moving. 

Should it be neces-vary first to mix water with tlie drj" aggregate to 
assist mixing with emulsion, or to prevent premature breaking of the 
emulsion, the water must be clear and rcason.ably free from salts which 
may affect the emulsion. Such water, if used, shall be used most sparingly. 

Each batch will be of the same size. The respective ingredients 
shall be handled in coirtajuefs that will just take the amount of material 
required per batch, and care’ shall be taken that no material is in exce.w 
or in deficit in any one batch. 
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Where aggregate is properly graded, care shall be taken to prevent 
the balling-up of the finer aggregate. Should balling-nj) occur, the follow- 
ing procedure shall be followed 

h'ir.st the larger-size chips shall be mixed with about oiic-third of 
the binder. Then the nicdiuni-sizc chips and the second third of the 
binder shall be added and niixcd, I'inally, the aggregate, passing j inch 
.screen, and the balance of the binder .shall be added and mixed. Ualling- 
itp must also be i)reventcd hy nol mixing for loo long a period. 

Any pie-niix falling from the dtuui mixer when unloading shall be 
loaded along willi the next hatch, and not be allowed to " set up ” or be 
wasted. The mixers shall bo w'cll lubricated, and shall he cleaned out 
with erude oil at the dose of tlie day’s work. 


h'lilJDING THE DRAG SPREADltR 

The pre-mix shall be carried promptly in dean iron "karats" to 
tlie drag spreader. The pre-mix .'hall not be thrown or dumped on to the 
road in front of the blade so as to clTect partial consolidnlion ; hut shall 
be spread uniformly with "karat" kept near the ground. 

As tlie lead to the spreader becomes less, .some of (be carrying 
coolies shall be diverted temporarily to other work such as screening, 
cleaning plant, repairs in the adjacent half of the road, etc. 


DRAG SPREADING THE PRE-MIX 

The work shall he under an exi»erienrctl, intelligent mate or ganger, 
whose undivided attention it shall receive. , 

Except for the giving of inslriiclioiis, .strict silence shall ho observed 
by all concerned in the work of drag sprcAding. 

The drag shall be well marked by a reil Hag, at. least z feet square 
and at least seven feet high above tlicronil surface, to indicalc to oncoming 
trafiic that it must give way. Material .'pread by the drag but not yet 
rolled, shall be protected effectively from traffic. pe'dcstrinn.s, and aniniais. 

Spreading shall follow iimneclialely on tin- giving of the tack coal, 
or as soon as the primed surface is dried. 


SETTING UK THb; l»r,ADK 

Spreading shall be to such, a depth that the ine-mi.v, when cmtsoli- 
dated, will have a depth of citlier { iirch or 5 inch over the lnimi«. 'I'he 
setting of the blade shall he determined according to the nature of the 
aggregate, and tire thickness of the course.. to he done, and it is 
to be checked at intervals by observation of the depth of .some eoru'olidated 
material it ba$ spread. 
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Those pulling the drag, and the cooly or cooUes receiving the pre- 
mix from the carrier coolies and spreading it m front of th blade, 
shall wear wooden sandals. 


The drag spreader shall be pulled forward with a continuous, slow, 
motion, depending on the rate of supply of tiie pre-mix. It shall not be 
jerked, and stopjiage.s will be reduced to a minimum. 


The front end of the near-side runner shall follow a line so marked 
on the original pavement that the centre of the drag will follow' t^he 
centre of the road, the straightness of the camber-hne or the 
continuity of the curve being carefully adhered to. 


The pre-mix shall be spread in front of the blade so that, when 
the blade comes to it, the pre-mix will head up against the blade to a 
height of about three-fourths of the blade height. 

Should dragging have to temporarily cease, it shall cease with some 
pre-mix still heading up against the blade. 


Should it be apparent that the delay will be considerable, the pre- 
mix in front of the blade should be covered lightly with bagging, which 
should be damp (not wet) in case of cold mix. 


Should the ''toppage be so long that the pre-mix in front of the 
blade has commenced to set up, the pre-mix shall be removed and used 
elsewhere for patching purposes, and fresh pre-mix shall be placed, taking 
care that it is suitably banked up against the blade before dragging re-starts. 

.Should any mistake be discovered as to the setting of the blade 
just after work commences, the pre-mix which has ^been wrrongly spread 
shall be immediately taken up. If fresh, the material shall be re-spread. 
If setting up has commenced, the material diall be used elsewhere for 
patching purposes, and fresh pre-mix shall be used. 


Interference with the setting of the blade should be very rare and, 
if a change is to be made without re-spreading as above, the change 
shall be njade gradually. 


Two rafce.s shall be kept with the drag and, during any stoppage, 
the dragging coolies shall trim the edge of the spread material or rake 
over any inequalities in the surface of the spread material. No pre-mix 
shall he added to or taken from the surface of the spread material,. 


On no account shall traffic, pedestrians, or animals, be allowed 
on the spread material before it is rolled. Should such trespass happen 
by accident, great care shall be taken to PREVENT the d^ressions in 
the spread material from being filled with additional material by some 
well-meaning but ignorant labourer.. This is exceedingly important- 
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ROUTING 

Tliis shall follow as soon as {wssible after spreading, and shall keep 
pace with the spreading. 

The roller shall be a powered one and shall move suiDothly, stop 
without a jerk, and reverse botli quickly and withont a jerk. 

* 

The roller shall be iii good condition and shall not drop oil, 
water, or coal on the surface of the road. The roller shall be provided 
with scrapers to all rollers and also a means of either wetting ot oiling 
them, to prevent the picking-up of bituminous malerial. 

A differential drive is preferable but not es.sential. Rolling on 
curves shall be done after removing one driving pin. 


Rolling shall commence at the edge and proceed towards the 
centre of the pavement. After the preliminary passage of the roller, rolling 
shall be by uniformly lapping each preceding track by at least onc-half 
of the rvidth of the rear wheel of the roller, and covering the entire 
surface in this manjier. This process shall be continued until the entire 
surface is thoroughly consolidated, until all roller marks are eliminated, 
and until there is no perceptible movement of material under the roller. 
The roller shall not remain .statiotiary on the work for any appreciable lime. 

On no account will excessive wetting or oiling of the wJicels be 
allowed. 

At the end of the day's work, the roller shall pass completely off the 
work at the ncwlj’ completed end. The spre-ad material at the end shall 
be cut off obliquely and cleau in a vertic.al face, with one end of the 
cut three feet in advance of the other. The longitudinal edges of the work, 
especially that to connect the other half-width, if any, shall .•similarly 
be trimmed vertically. Excess iimtcriul .should be iiserl for iilling pot- 
holes in adjacent road. 

The abo\ne procedure shall be followed cither for the smuotlicning 
and corrective courses or for the wearing course, except (bat, in the 
former, no trimming of the edges no-d l)c done. 


SMOOTHENING AN1» CORRb:CT]\-b: 

In the case where such a course is uccc.ssary and drag sineailing 
and consolidation hat>c been done .i.s above, tin* .smootlienhig course shall 
be thrown open to tiaflic of all kinds for at least one week. The irallic 
shall be 'cncouraged, by means of the placing of barriers, during day-light 
only, to use as much of tlic width of pavenieui as |)os.siblc in order to 
complete the consoltdatron of the sinoothcnlng course, espcciall}' over the 
depressions of the old pavement. 
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The pavement shall then be swept to remove all foreign matter; 
and any appreciable depressions caused by the traffic shall be repaired by 
the local spreading and ramming of fine pre-mix. 

A tack coat at 10-14 pounds per hundred square feet shall then be 
applied to the 6 inches along the edges or, should the Engineer in-charge . 
deem it necessary, then to the whole surface, for the reception of the 
wearing course. 


WEARING COURSE 

This shall be applied as above-described under “ Drag Spreading ” 
and •' Rolling”, either on the treated old pavement or on the smootheniag 
or corrective course. 


SURFACE FIELING 
(to wearing course) 

Before final rolling has been completed as above, grit screenings or 
sand passing J inch square mesh screen, but retained on J inch, shall be 
spread evenly over the whole surface at the rate of about cubic feet 
per hundred square feet, preferably by drag broom. Rolling shall be 
completed, and the road shall be opened immediately to pneumatic- 
tyred traffic. 


CLEANING UP 

At the end of each day’s work, great care shall be taken to clean 
all plant and tools that have been used. This will be done with crude oil 
and bits of old bagging and rags. On no account shall this cleaning be 
left till the morning of the following day. 

On completion of the work, all shall be left clean and tidy, surplus 
aggregate and binder being kept under watch till removal to the depot 
• or to other works, along with the tools and plant, and old iron sheeting etc. 

Empty drums shall be returned promptly to the suppliers or sold in 
public auction to the credit of the work. 


FLANKS, BERMS OR SHOULDERS 

'rhese shall be built up and consolidated without delay to help 
support the edges of the pavement. They shall be given sufficient cross- 
fall to drain the crest of the road and, where possible, shall be stabilized 
or covered with gravel, kmikar or similar material. 


MAINTENANCE AFTER COMPLETION 

The pavement shall be maintained after- completion for a period oL 
three months and, should any local failure occur during this period, tlic 
surface affected shall be removed and replaced with material similar to 
that used on the work. 
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SPECIFICATION FOR ROAD-MIX SEAT, BY MEANS 
OF THE DRAG BROOM 

This specification is for use on water-bound macadam, surface treated 
macadam, or otlier bituminous or cement concrete surfaces which ate too 
undulating, considering modem speeds, to be given ordinary surface 
treatment. On surfaces where the crests or bumps, spaced any ^stance 
up to about ten feet apart, are more than I inch high above the bottom 
of the hollows, this method should not be attempted ; but a pre-mixed 
chipping carpet .should be drag^spread. 


TOOLS AND PLANT 
KEROSENE TIN CAN POURER 

This shall be substantially in accordance with the attached drawing, 
Plate No. 5. 


DRAG BROOM 

This, or these, shall be of still, durable, construction on the lines 
indicated in the attached drarving, Plate No, 4. The component brooms 
shall be of the stillest possible durable texture, ,and of the same design. 
The lower surfaces of tlie component brooms shall all be in the same plane. 

The drag broom shall be furnished with two tow ropes of length 
about 30 feet and diameter about i incli. One end of each rope shall be 
whip])ed to ])revent unravelling, and lire other shall be filted with a 
strong hook for quickly engaging or casting off the drag. 


ROLLER 

The roller shall be a powered one and shall move smoothly, stop 
without a jerk, and reverse both quickly and without a jerk. It shall be in 
good condition and shall not drop oil, water, or coal on the surface of the 

TO, ad. 


The roller shall be provided witli scrapers to all tollers or wheels 
and also .a me.ans of either wetting or oiling their surfaces to prevent the 
pieking-up of bituminons material. 

A differential drive is preferable, but not es.eential Rolling on 
curves shall be done after removing one driving pin. 


BINDER 

This shall he of cold medium-curing bituminous cut-back. Socofix 
has been found suitable for the purpose but. doubtless, the other interests 
supplying binder have equivalent preparations. 
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The quantity of binder used per hundred square feet of road will 
depend on the degree of undulation and on the nature of the binder 
and of the road surface to be treated. The following shall be taken as an 
approxhmte guide only. 


1 

Nature of Surface. 

I’otal 1 binder required for 
mixing, excluding reserve of 
} lbs. %‘^ 8 q. ft. 

Lbs per hundred sq. ft. 


1 

For 4 " 
thiol! ness 
over bumps. 

For eonsoli- 

deted thickness 
over 

. u mp 8 * 

Cement-bound or concrete surfaces, bitu- 
minous concrete and surface treated or 
primed macadam surfaces wliich aie jn.>.t 
too undulating to be surface treated. 

30 

1 

i 35 

Cement-bound or concrete sui faces, bitu- 
minous concrete and surface treated or 
primed macadam surfaces which are 
not undulating enough to require drag 
spreading of pre-mix, t.e. hollows not more 
than 1 " below bumps. 

35 . 

1 

. 40 

TJnprimed water-bound macadam surfaces 
which are just too undulating to bt- surface 
treated. 

40 

45 

XJnprimed water-bound macadam surfaces 
which are not undulating enough toicqnire 
drag spreading of pre-mix, i.e. hollows not 
more than below bump.'i. 


50 


Note: Por first spreading on the road, befoie spreading the chip."!. 
No. 1 or No. 2 Road Tari applied hot, has been used in lieu of cut-back, i.e. 
as bottom or seal binder, bitumen cut-back being used ns the top binder. 


AGGREGATE 

The stone chips sliall be clean, tough, durable, free from dust, 
dirt, or other foreign matter, and have a Frendi CoeiScient of Wear of not 
less than 8 wet. They shall be free from excess of flat, donated, or 
rotmded particles. 

No aggregate shall be accepted if it is known to have a tendency to 
strip when used with bituminous materials. - 



GRADES (not grading) OF AGGREGATE 


Tliere shall be two grades, coarse and fine. 

Coarse grade shall be that in which the largest chips will pass 
through a screen of f inch square mesh. 

Fine grade shall be that in which the largest chips will pass 
through a screen of ^ inch square mesh. 

The fine grade shall be used on pavements where I inch cover is 
required over the bumps. 

The coarse grade shall be used on pavements where 3 inch cover is 
required over the bumps. 


GRADING AND STACKING OF AGGREGATE 

Attention to grading will greatly facilitate the work. Screens shall 
be of square mesh and J inch in the clear between wires, and 

. used at 30 degrees to the horizontal. 

All the material to be used shall be passed through four screens, 
the material passing the i inch screen being kept to one side. 

The I and ^ inch screenings shall all be stacked off the fianlc, and 
likewise all the inch, except about i cubic foot per hundred square feet 
which will be stacked in reserve stacks of 5 cubic feet, off the flank. 

Some \ inch screenings shall also be stacked off the flank at the rate of 
13 cubic feet per hundred square feet of road for surface filling, and not 
for mixing. The balance of the J inch screenings shall be stacked on the 
' roadside flank for mixing whilst drag-rolling, but they shall be stacked 
near the edge of the formation so as not to obstruct the coolies while 
hand dragging. 

The arrangement of stacks is indicated diagramatically below; — 
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The ground on which chips are stacked shall be level, smooth, and 
clear of vegetation, and all the stacks shall preferably be made upon old 
sheet iron such as that from old bitumen containers. 

The ^ and g inch stacks shall be made on the flank or shoulder 
and shall, as far as possible, be placed alternately. 

The grading shall be such that for f incli work, the total volume of 
the ^ and g inch stacks will be about 2J times the volume of the inch 
stacks, and for the A inch work the volume of the g inch chips will be about 
twice that of the ^ inch chips. 

The following table is meant to be a rough guide as to the total 
quantity of chips of all sizes required for each kind of surface, as measured 
in separate stacks. , 


Nature of existing paTometit. 

f 

Total volume of eliips in cu. ft. per lauidrcc) 
sq. ft. to be stacked on theilnnk. This excludes 
reserve 1 on- it. per hundred sq. ft. of 3/8 inoli 
chips and 1{ cu. ft. per hundred kq. ft. of J/4 
inoli surfaco-flller material stocked off the flank. 


For 1/2 inch conso- 
lidated thickness over 
humps. 

For 3/4 inch conso- 
lidated tliioknoBB over 
bumps. 

Cement, bituminous, or 
water-bound, whieli is 
just too undulnting to 
be surface-treated i.e. 
hollows are not more 
than i inch below ad- 
jacent bumps- 

7. 

10 

Surfaces ns above, which 
are more undulating i.e. 
hollowB are as deep ns 
^ inch below adjacent 
bumps. 

8 i 

Z2 


Where possible, the stacks shall be placed on the leeward side of 
the toad, considering the direction of the prevalent wind at the time the 
work is carried out. They shall be placed only a few days before the 
work is to commence. 

It is of the utmost importance that the stacks shall not be placed 
so as to interfere with the labour spreading the materials, who must use 
the flanks. In particular, the stacks shall be placed, clear so as not to 
interfere with the coolies when hand-dragging. 
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The biuder shall be ladelled from the stock container to the pouring 
can by means of a mug or dipper containing one quart. "Great care shall be 
taken that no binder fall.? upon the pavement where it will cause an ex- 
cess, and also that binder is not wasted on the flank of the road. The tray 
mentioned in the plan shall be used. 

The binder shall be poured evenly over the whole surface, except for 
2 or 3 inches along each edge. Pouring shall be done by well-practised 
persons, starting along the crown, and moving smartly back and forth along 
the road, and not across it. Care shall be taken so that there will be no 
excess of binder on the road as the pourer reverses the direction of pouring. 

The poured binder shall then be spread evenly over the whole surface 
by means of rubber squeegees, or, in the case of water-bound surface, 
by bass-brooms. The men, who do the spreading, shall be chosen for 
strength as well as intelligence, and they shall wear wooden sandals. 

The amount of binder to be spread on the existing pavement shall 
depend upon the nature of the surface and the required thickness of the 
treatment. 

In the case of water-bound surface, shall be applied at 

the rate of about 30 pounds per hundred square feet and, in the case of 
other surfaces, at the rate of about 20 pounds per hundred square feet. 

Should the camber be such that the binder tends to run off the 
pavement, the binder shall be applied in less quantity. 

Where tar is used, the quantity by weight shall be increased by 
7 per cent. 


SPREADING THE MAIN AGGREGATE 


The work shall be in the charge of an intelligent, responsible, and 
experienced person who shall have no other duty whilst the work 
is in progress. 


The aggegate shall not be spread by the coolies bringing the 
aggregate. It shall be spread by experienced men to whom the coolies 
shall hand in it clean iron "karais”. 


The spreadiJig coolies shall wear wooden sandals. 


Great care shall be taken that only the largest size aggregate, the 
^ inch size for f inch w'ork, and the i inch size for -J inch work, is spread 
at first 


This size shall be spread only in the hollows and, to indicate the 
hollows to the spreaders there shall be at least one man on each side 
of the road with a light 8-foot straight edge fa.stened transversely 
at the end of a bamboo handle of lengtli about ^ of the w’idtli of pavement. 


The whole of the largest sized chips shall be -spread evenly in the 
hollows, and none on the bumps, before any .other aggregate is spread. 

■ .* 
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shall move along the flank on each side of the work, holding the rope near 
the free end, and moving at a uniform rat.e without stopping until the end 
of the work-stretch. By means of a short bamboo, with a hook on the end, 
one man, proceeding abreast of the front of the drag, shall do any guiding 
that may be required. 

Silence shall be maintained except for tlie instructions given by the 
person in-charge of the drag. 

The broom shall be dragged so that it bears equally on the road in 
front and in rear, and also from side to side. This is most important. 

The broom shall be dragged back and forth, starting at the edges 
of the pavement and working towards the centre, till it is seen that all the 
chips are more or less coated with binder. Six to ten trips should be 
sufficient to ensure this. 

Should mixing be too slow, a man shall load the broom by sitting in 
the centre, or one man shall be placed at each end of a short ladder secured 
centrally along the broom. 

After loading the broom with men, should it appear that the high 
places in the old pavement are being stripped of aggregate, or should 
it appear that the aggregate in the low portions is not being disturbed by 
the broom and thus covered with binder, dragging shall cease at once 
for rectification work to be done. 

Rectification shall be by placing additional aggregate of the largest 
size only in the hollows, and covering it with a little binder spread at 
the rate of approximately 5 to 8 pounds per hundred square feet. Very 
little should be given. 

At. the same time, the reserve J inch chips stacked off the flank 
of the road shall be mixed in iron karats by means of mason's tfowels, 
with binder at the rate of about 3 pounds per cubic foot, and this pre- 
mix shall be spread in a thin film about ^ incli deep over the high 
portions of the old pavement, or over the "bald spots". 

Should such rectification become necessary, a report should be 
submitted to the Engineer iiv-charge on the evening of the same day , 
describing the extent of the rectification necessary. The Engineer in- 
charge should report to higher authority stating whether the rectification 
was due to materials, enough only for a fairly smooth surface, being used 
on too-undulating surface, or whether it was due to using tlie process of 
drag brooming when, owing to the roughness of the surface, drag spreading 
should have been done, or giving any other reasonable explanation. 


.SIMULTANEOUS MIXING AND ROLLING 

After 6 to 10 trips witli the hand-dragged broom, or after rectification 
of defects as above, the drag shall be attached to the roller, as close as 
possible, and as low as possible in order to prevent the front of the drag 
from being lifted when being dragged. ' ' 



After the roller has made two or three trips with the drag in tow, 
and it is seen tliat the aggregate is being mixed with binder in the hollows] 
and that the ^-inch pre-mix is remaining in place on the bumps, the 
remainder of the ij-inch reserve chips stacked off the flank shall be 
sprinkled over the whole surface, followed by the J to ^ inch stuff stacked 
on the flank. This sprinkling will be given by experienced men wearing 
wooden sandals. 

This spreading of finer aggr^ale shall proceed whilst rolling and 
dragging are in progress. The spreading is to be done from iron karais, 
and great care shall be taken that the material is well scattered over the 
whole surface, as its purpose is to form the matrix. On no account shall 
there be segregations of this fine material on the road surface as a result 
of spreading. 

As soon as it is seen that this finer material is also coated with 
binder, and that the surface is compact and smooth, the drag broom 
shall be removed, and final consolidation shall be done by uniformly lapping 
each preceding track by at least one-half of the width of the rear wheel of 
the roller, and rolling the entire surface in this manner. 

This process shall be continued until all roller marks are eliminated, 
and until there is no perceptible movement under the roller. The roller 
shall not remain stationary on the work for any appreciable time. On no 
account will excessive wetting of the wheels be allowed. 


liURFACE FIIJ.ING 

Before final rolling has been completed, t!ie finest chip screenings or 
sand passing | inch square mesh, but retained on J inch, which was 
stacked off the flank for this purpose, shall be spread evenly over the whole 
surface at the rate of about li cubic feet per hundred square feet, pre- 
ferably bv the drag broom, and rolling shall be completed 

At the end of the day's work the roller shall pass completely off the 
fiinished surface at tlie completed end. 


I’ROOREvSS 

The work shall be speeded up as much as possible by keeping the 
sequence of operations going simultaneously in adjacent lengths There 
shall be two drag brooms, and preferably more, and care shall be taken that 
no one operation, such as pouring the binder or spreading the aggregate, 
may delay the rest of the work. 


OPENING TO TRAFFIC 

On completion of the surface filling, the pavement shall be opened 
immediately to pneumatic-tyred traffic. Steel-tyred traffic shall not be 
allowed to use the surface till after one week 
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CIvEANING UP 

At the end of each day's work, great care shall be taken to clean all 
plant and tools that have been used. This will be done with crude oil and 
bits of old bagging and rags. On no account shall this cleaning-up be left 
till the morning of the following day. 

On completion of the work, all shall be left clean and tidy, surplus 
aggregate and binder being kept under watch till prompt removal to the 
depot or other works, along with the tools and plant, and old iron sheeting. 
Empty drums shall be returned promptly to the suppliers, or sold in public 
auction for the credit of the work. 


FEANKS, BERMS. OR SHOUEDERS 

The edges of the completed pavement shall be neatly dressed to a 
continuous, even line. 

The flanks shall then be built up and consolidated without delay to help 
support the edges of the pavement. They shall be given sufflcient cross- 
fall to drain the crest of llie road- and, where possible, shall be stabilized 
with gravel, kunker, or similar local material. 


MAINTENANCE AFTER COMFEETION 

The pavement shall be maintained after completion for a period of 
three months and, should any local failure occur, the surface affected shall 
be removed and replaced with pre-mixed ^ inch chips, well-rammed and 
finished with finest chips or coarse sand passing i inch mesh and retained 
on ^ inch. 
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CORRESPONDENCE. 


Mr. W. L. Murrell, O.B.E , (Author): — Cases have recently come to my 
notice where the available stone chips are good enough for ordinary surface 
treatment, but not good enough for a premix chipping carpet, as the 
local steel-tyred traffic crushes the chips and overloads the relatively 
small amount of binder in the preuiix. I, therefore, suggest that after 
the words "... .surface dressing and road mix seal." in para 4 of page 
160 of the Paper, the following may be added : — 


“Where II10 8 (col-(yred traflic is very dcsfriiclivp, chips that are fairly 
suitable for surface dressing for ordinary traffic but not suitable for a premi.v chipping 
carpet, would be used in the promix smoothening or corrcciive coiirse. To iinisli off, 
cither the best, tough hard chips should be brought for the drag spread premix 
wealing cmir.se, or tTie usual chips should be used in a surface dressing over the 
prcinixcd smoolhoning course.” 

As regards 'Eoadiiig', I suggest that the following should be added 
under "Mixing" on pages 176 and 177 of the Paper : — 

Para 5, after " moving." add the following : — 

“With strict control of loading and iinloadtng, eight drum-mixers should 
suffice. This allows for two at a time being moved forward." 

Para 7, after" one batch." add the following : — 

“The containers for the aggregate shnll consist of strong but light wooden 
boxes, each fitted with two handles, so that two men can lift the charge and dump 
it into the mi.xcr.'’ 

“Coiifniiiors already filled with material , for the next charge, shall be ready 
beside the drnm*inixcr before the previous charge is unloaded from the mixer.” 


Regarding "Feeding the Drag Spreader”, page 177, someone 
working on this kind of job once suggested that, if barrows wore not 
available, it would be better to unload the premix from the drum on to a 
platform which could be lifted out by handles and taken to the spreader.^ 
I would, therefore, suggest that the para "Feediug the Drag Spreader" 
should be corrected to read as follows : — 

• 

“After the aggregate and binder arc mixed, the premix shall be unloaded into 
a wheel barrow or iiortabic platform placed immediately below tho drum of the 
mixer,” 


“If wheel barrows arc used, they shall be ns wide as poBsible but so ns to pass 
easily between the two end vertical posts of the mixer, and a plank shnll be nnilea 
across the base frame tor the wheel of tho barrow.” 



“If a movable platform is used, it shall be substantially to the design shown 

11s shall not be thrown or dumped on jo the road itj 
^ect partial consolidation; but shall bo lipped and 
r . 

aents by'Mr. S, A. Amir (Bihar).' 

f (i) I hope I am not wrong in thinking that it is for the first time 
"drag spread" surfacing work hgs been introduced to members of the 
m Roads Congress and as sucli, the author of the Paper deserves our 



CORSESPOKDBKCE — 1-40 . 


ZQOb 


thanks. From what we have seen of this work as done* in Delhi, it is easy 
to visualise its scope and possibilities and I feel it is bound to play an 
important role in future surfacing work in this country also. 

(2) As regards the use of drag broom in surfacing work, actual 
personal e^cperience has brought in me a different feeling. In fact, I wish 
that tlie author had not given it an equal status to the ‘drag spread' work 
by discussing and recommending both in the same Paper. So long as I 
had not done any premix work, the drag broom work with certain 
advantages over 01 dinary surface painting work recommended itself, but to 
those who have done premix work even by ordinary hand-laying, drag 
broom work is bound to appear less straightforward and more a bother 
with higher cost and not equally good results. 

(3) Doubtless, the author has taken pains to make his notes 
exhaustive and practical in details. I have no comments to make on 
the 'drag spread’ work of which I have no practical experience. On the 
other hand, I have done sulTicicnt "drag broom" work under varying con- 
ditions and, in the light of my own experience, I have certain suggestions 
and comments to oifcr. 

(4) The last portion of the second para on page 160 reads thus : — 
"especially when the surface treatment is not done with cold binder, and a 
roller dragging a broom." 

This indicates that a drag broom, towed by -a roller on dry chips 
spread over a surface painted with cold binder, would tend to level up the 
unevenness of the road surface, I have grave doubts about this expected 
result in surface painting job with the help of the drag broom. The 
chips will be dragged about carrying with them some of the binder and 
will be left here and there and will not take their proper place till such 
time as they do not get coated with binder by rolling and turning over 
in the course of movement under the drag broom. In ‘mix-in-place’ 
w’ork, it is only when the chips gel mostly coated with binder that the 
levelling up starts, with more coated chips taking their place in hollows 
with higher spots left more or less bare which eventually require being 
covered up with smaller grade of premixed chips. It would, therefore, 
appear that in a surface painting job with cold binder when coating of 
chips with binder is not intended, there can be no place for a drag 
broom for spreading dry chips in such a way as to correct the unevenness 
of the road surface, 'fhe last portion of the para quoted above might 
well have been omitted, 

(5) In para on ‘Tack Coat’ on page 162. I think 'black top’ surface 

includes a primed water-bound surf 4 :e also. ' ,Tlierefore, it seems desirable 
to add "including previously primed' \v{iter-bound surfaces" after "black- 
top” to make the position more clear as‘has been' done- by' the author in 
para one on page 161. ;. - j L . ‘ 

(6) The same objection as ,’hientioned above in the case of the last 
portion of para 2 on page^tSo applies to para 5 on page 166, and this as 
well might have been omitted altogether. 
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(7) I,et us consider the sentence in para 7 on page 166 which 
reads thus "Then the aggregate is placed on the binder and spread out 
over it with a broom drag to an average depth of anything from one half 
to one inch.’’ 1 doubt about the feasibility of use of a drag broom of a 
type with which we are all familiar in India in distributing the dry chips, 
spread over a fluid binder which is to coat the chips on the road. Besides, 
such uniform distribution, before the chips get coated with binder, is 
unnecessary, as in the mixing process the chips will be dragged and rolled 
and will leave the position which they arc supposed to take before the 
next instalment of binder is put over them. In my opinion, the drag 
broom should be brought in use after the second instalment of binder is 
laid over the chips spread on the road surface covered with the bottom coat 
(first instalment) of binder. This is really what seems to be invariably 
done in this country as will also appear in the sequence of operations 
given in the specification of mix-in-place work on page 242 of Appendix 
II, Part 2 of tliis Volume. 

(8) My experience dilTcrs a little from what is .said in para 2 
under "The Process” on page 16S. 

In surfacing water-bound macadam, somewhat more binder should 
be laid over the road surface as first iubtahnent than in case of re- 
surfacing a sealed surface but not ‘the most' of the binder as suggested 
in para 2. If, suppo.se according to this direction, So per cent of 
binder is laid, which has to be fairly fluid in order to coat the chips 
spread over it, then the chips will be more floating over the thick 
coat of binder than if it had been thinner. The action of the drag 
broom in tlie former case mil be to drag the floating chips wholesale 
in its front ratlier than ride over and roll them over in course of being 
dragged to get coated with binder. Tims, when most of the binder 
is laid in the first instalment, it would take longer to coat the chips 
than when, say, 60 per cent of the binder is laid in the first instalment, 
on the road and 30 per cent O'! a sec.md instalment over the top of chips 
spread over the first instalment of binder. After trying different pro- 
portions, it has been found that, in case of sealed surface, the tack 
coat (first instalment) should have 50 per cent and 40 per cent should 
be laid over chips and, in ca'-c of waterbound surfaces. Go per cent 
should be laid as tack coat (first instalment), and 30 per cent over chips; 
10 per cent in both cases being used in preinixing smaller chips for 
covering up higher and bald spots and for rectification required otherwise. 

Of course, w'hatever proportion of binder may be laid in tlic road 
surface, by the time the chips get coated, the road surface below is 
bound to be fully covered with the binder to act. as a seal and the 
water-bound macadain surface, being more'Toughish, will naturally retain 
more of the binder in hollows. * i would,. 'the"refore; suggest that hi this 
para the words "most of the hindpr" might with' advantage ' Jie re- 
placed by "about 60 per cent of the binder.'"* .. ‘ -'g- '• 

(9) The third para under "The 'Process” on page iGS might have 
been omitted altogether, the reason for w’hich will appear from what 
is said in discussing the . specification for "Spreading the maiii aggre- 
gate,” as gi\«en oh page 1S6. (See para 13 below). 
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(10) In the comparative statement of cost on page 171, a mention 
of the particular binder used on the different works and also cost of 
labour calculated per 100 square feet in the different cases would have 
added to the usefulness of this table. 

(ri) Para under "Drag broom” on page 181 suggests that there 
may be one or more of this on a job, provided with rope haulage arrange- 
ment. It has beeit found iite-xpensive that a drag broom may be attached 
to a power roller in its front with suitably designed steel linkage which 
may enable it being pulled and pushed in backward and forward runs of 
the roller, and it gives better results. Having tno drag broonrs on each 
job, one provided with rope haulage arrangement and the other with steel 
linkage, would appreciably quicken the work and costless. 

(12) Para 2 , under "Bottom or Seal binder” on page 185, speci- 
fies that it should be spread from perforated Kerosine tin pourers. 
In practice this is found not quite necessary and causes delay winch 
could be avoided. It is more expeditious to use ordinary pouring cans 
for laying the binder on the road surface and bass brooms and rubber 
squegees for spreading evenly over water-bound macadam and scaled 
surface respectively. This paragraph had better been omitted altogether, 
as the fourth and fifth paragraphs sufficiently specify the operation of 
spreading binder on the road surface. Perforated Kerosine tm pourcr 
is useful and, in fact, indispensable for laying the second instalment of 
binder over the top of chips. 

{13) Paras 3 to 7 under "Spreading the main aggregate" on 
page 1S6 specify the operation of spreading aggregate over the binder 
laid on the road surface. I very much doubt about the feasibility and 
practical utility of laring the biggest .sized chips in depression and 
smaller ones on higher spots to start with. In the process of coating 
chips by drag broom, chips must necessarily be dragged and moved from 
their original position and rolled over to get coated with binder and 
the result in practice is bound to be that the bigger and smaller chips 
if placed in liollows and high spots, will get mixed up and will not 
be left where they were originally placed. On being so mixed up and 
coated with binder, it would not be possible for the drag broom to 
re-sort them so as to leave the smaller chips over high spots 
and bigger ones into hollows. Experience shows that, to start Avilli, 
the biggest grade of chips should only be spread first without tr3'ing 
to place them in depressions only. These under the action of drag 
broom will be all moved and get coated and will take position on the 
road surface except at the high spots which would be more or less 
left bare. Depressions will nfitnrally .retain chips more than one deep 
according . to the. depth. It/isfor covering the bare high spots that 
smaller; grader pficdated'.chjp&,Ure 'required and are placed by hand and 
on firrlliettjjjvpridiig 'of the 'diag.brqbm (unloaded) are ievelled up mostly 
reiimittihg;Vpji^pi6/ high -■spots and 'only surplus going over the bigger 
chips lyii% iii'.dgp'^esssions and getting lodged in the interstices. Some 
spots may again be found bare of chips and they require to be covered 
tip tviUi .still smaller grade of prc-coated chips. Such sort of tinkering 
has been, found unavoidable in actual practice. , Evidently the • author 
of these notes has also been experiencing such dilllculties as appears 
from what he says on page 188, paragraphs 6 to 8. 
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(14) The direction in paragraph 2 on page 188 under "Mixing by 
hand dragging” may lead people, new to the job, to think that it is 
to be worked in the same manner as a roller in consolidation job. 
This, however, could not be the author’s intention. Most of our roads 
have opposite cross slopes (camber) from the centre line. This makes 
it necessary that mixing of chips with binder and levelling up is done 
for each half at a time. A drag broom laying partlj’ on one side 
of centre line and partly on the other will not bear uniformly and 
part of it will be ineffective which is not the case with a roller on 
consolidation job. This paragraph needs modification. 

(15) Eighth paragraph on page z88 indicates that such rectifica- 
tion will lie an exception rather than the rule. But, as explained above 
and from what the author says in the paragraphs preceding, it 
may be taken that such rectification is unavoidable on all work on 
uneven or corrugated surfaces for which alone such work has to be 
undertaken. Under the circumstances, the direction for a report, when 
such rectification becomes necessary, being submitted to the Engineer 
in-charge on 1 he evening of same day is not likely to serve any use- 
ful purpose. 

(16) The second paragraph under "Simultaneous mixing and rolling” 
on page 189 gives an impression that aggregates lying in hollows will 
start getting mixed with binder after the drag broom attached to the 
roller has made two or three trips. This, however, is not so. In fact it 
is in the first 8 to 10 trips of the broom dragged by coolies that mixing of 
the chips with binder starts taking place and these should get about half 
to three-fourth coated before the drag broom attached to roller is brought 
over these. Again, it seems suggested that rectification, if any, will have 
been done before the mixing of aggregate with binder is completed. In 
fact, any other rectification, except putting in extra chips (bigger grade) 
and binder where the broom does not touch and move the chips lying in 
depressions, if done before the chips get mostly coated, docs not help, 
since the chips have got to be on the move till tliey are fully coated 
Rectification, such as placing of smaller premixed chips o/er high and bald 
spots, should be done after the main aggregate is almost fully coaled and 
has taken up, more or less, its final position in hollows and the rest of the 
road surface except such places w'here there is not room enough for 
accommodating the main aggregate one deep. It is at this stage that 
premixed chips of smaller grade are laid in bare places, and, under drag 
broom, they take their proper places except the very^ highest spots on 
which still smaller premixed chips have to be placed and in this way 
the whole surface becomes covered with chips of appropriate size to give a 
level surface. Eroadcasilng of the' smallest' dry chips is to be done after 
the levelling and covering of the whole area tvith ' coated chips is complete. 
A few further trips of the drag'brbym (uliloade^) . make, the finest chips 
get into the interstices of the coaled! c^ps finiformly au^ these, dp^'.not get 
coated with binder, as is suggested, in ^asi-b'ufonii-parh^f^-thi^.-l&fion, as 
they cannot roll and move over, the. rough surface 'on top/fif/tlli -precoated 
chips. Besides, there ‘.is 'hardly likely to be spare lifiidcr -at the top of 
coated chips for coating the finer chjps unless excessfve quantity had 
been used. The finer chip's'remain sticking to tlie interstices of .flje bigger 
coated chips belgw and may or may not be permanently’ absorbed Vlccording 
as there is or is’not spare binder to work up and cover them uji.''* If they 
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get so absorbed, well and good, otherwise they are sacked up under 
pneumatic wheel traffic and lost, and a liquid seal, as suggested by the 
author in para 2, page 163, in connection with work with drag spreader, 
becomes necessary in this case also. 

(17) The direction for opening the road ■‘to steel-lyred traffic after 
a week of completion of the work and after it had been open to pneumatic- 
tyred traffic in the meantime, does not seem to be practical, For whatever 
period it is decided to keep off the traffic, it will have to be the same for 
all vehicular traffic that usually passes in that section of the road. This 
period need not be the same for all kinds of binders that could be used 
for such work. In case of hot binders like Road tar or Shelspra B. S., it 
can evidently be shorter than in case of a cold application cut-back like 
Socofix. For former, 24 hours and for the latter, 48 to 72 hours according 
to season should suffice. 


(18) In conclusion, I feel there is little to recommend work with 
drag broom once we have found a better method of work with the drag 
spreader. Evidently, the author also does not like the various rectifica- 
tions by hand to be inevitably done in a drag broom work if same has to 
be done on an uneven surface. In fact it was this aspect and drawback 
of the drag broom work that led me to try hand-laid premixed chipping 
carpet work and it proved so straight forward and simple and gave such 
encouraging results that I find no justification in doing any more work 
with drag broom even when conditions do not admit of using the drag 
spreader. With greater facility with the use of the drag spreader, there 
IS still less j^ustification for going in for drag broom work. Even the 
cost of work done with the drag broom compared to hand-laid nremixed 
dnpping carpet is against the former. For the same quantity of chips 
less binder will be required in a premixed chipping carpet work than in 
road-nux seal work and labour cost of former is found to be about three 
fourth of the latter. In fact, tlie labour cost of hand-laid premixed 
^^ping carpet IS only slightly more than that of surface paMng and 
^ippmgwork and the resu ting surface is much substantial and there is no 

n replace the latter. Considerin?tEe 

loDpr life of a premixed chipping carpet, it should prove cheaper than the 
surface painted chipping work Therdore, it seems V Sd of tEyffig 
to popularise the use of drag broom work, as is suggested by the author^ 

ISM 

to to abo« comM-te. 

..»d frf atoppomw, as the 

The depth Tety roagh. 

Stoiofgetapart. A road surface wSS' between bumps 

4 or 5 fefet apart would have affnr/loeiv' between butnps 

of the ^bssibilities of this process ^ demonstration 
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2. There are really two papers in one. It is not meant that 
road-mix seal is a competitor to the drag-spreading of a prcinix. Nor 
is it meant that either process is to compete with ordinary surface- 
treatment. The three processes are applicable in three diiTcrent conditions. 

This I have tried to explain at the top of pages 173 and 181. 

Besides this, an essential difference is that the drag spreading of 
prcini.xed chips does not afford a seal or water-prooOng, whereas this 
is one of the main functions of a road-mix seal, hlany, beside Mr. Amir, 
appear to overlook this point. 

3. Another reason, for my treating the road-mix seal process is to 
tr}' and keep the process in view. The defects in India are in the plant, 
and not in the process, as I tried to point out on page 167. If any 
Province had 400 or 500 miles of wat^r-bound roads to modernise chiefly 
for motor traffic, it would pay that province to get proper road mixers 
and adopt road-mix seal. 

Prom what I can sec of it, Aladras has recently "missed the bus" 
in this respect. 

4. Last portion of the second para on page 160. 

With due respect for Mr. Amir's doubts, the use of a drag broom 
is standard practice in other countries using such binders. 

5. Para 011 "Tack Coat", page 162. 

It depends on the kind of priming tliat has been done. 

If hot No. I Road 'Tar and sand priming has been done, such as 
I introduced in Chota Nagpur, and it has been opened to traffic for a 
few months, or if the cold priming is thin and has penetrated well, 
leaving a dull and lean-looking surface, a tack coat should be done. 

But if a good liberal dose of a fairly heavy primer like Shell Primer 
or Shaliniar Cold Tar Primer has been used, leaving the surface definitely 
sticky, no tack coat is required. 

6. Para 5 on page 166. 

Vide my reply in para 4 above. 

7. Para 7 on page 166. 

I simply stated what the Austfalians 5 do;“'andvI,'think .Xhc fact is 
mentioned in their specifications, a copy ofVhlcli'is'to He'' had^^CntaSogne 
No. IRC 69 — in the Roads Congress Library. 'y . ‘ 

If Mr. Amir refers to page 186, he will see -that my specification 
for all aggregate to be road mixed provides that spreading shall be 
done by hand. ' ' . 

8. "The Process" para 2, page 16S. 
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Mr. Amir, perhaps rightly, quarrels with the word "most”. In 
ntiting "most," "I meant the major part". 

Evidently, Mr. Amir has overlooked the table on page iSz and 
paras 4 and 5 on page 1S6 

g. "The Process," para 3, page 168. 

I disagree entirely, and would suggest that Mr. Amir actually try 
tlie method before critising it. 


10 "Comparative statement” on page 171. 

The binder is mentioned in the relative detailed specification. 

Evidently Mr. Amir does not quite understand the table given 
on page 171. 

. The cost of labour per hundred square feet is given in the item 
nluch involves the factor "c". 

Thus, if a cooly cost six annas or Rs. 0.375, per day the total 

Sd 

11. Para under "Drag Broom" page 181. 

the rJlleT woKnSV?'' ^”5 broom on each end of 

a httle rigging, however, and fSdl teif to b^SolSf 

12. Para a under "Bottom or seal Binder" page 185. 

find tbL“tL^appSon““ I'®"'’?', be wilj 

SngSisfS!® «%bca\bn\cSTrcdn^^^^^ 

14- Tara 3, page i8S. 

S- “S?t fcs i” 
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to economise <00 much in order to make the process a competitor of 
ordinary surface treatment. 

Mr. Amir has confessed that he does not like the process. It 
would seem that he has not analysed the causes of the difHculties 
and troubles he has met with. 

16. Para i, under "Simultaneous mixing and rolling" page 189. 

It is difficult to see how Mr. Amir can get the impression he 
mentions. He will find at the foot of page 187 that hand dragging 
has already been done. 

As regards the rest of Jlr. Amir’s remarks under this para, they 
are evidently biised on his experience with quantities which were much 
too small considering the roughness of the road surfaces with which 
he was dc.iling. 

17. This refers to the last para on page 189, 

With due regard to Mr. Amir, it should be possible to keep steel- 
tyred traffic off the road. Indeed the matter is easy wliere lik/ts are 
provided for carts. 

As regards using hot binders wholly^ for such work, as implied 
by Mr. Amir, I have never heard of their use. 

18. My reply under para 2 abgve may please be seen. 


Comments by Mr. N. Das Gupta (Calonlta). 

Mr. ^lurrell’s very interesting paper is of utmost value to Engineers 
entrusted with the work of road maintenance with a fi.ved sum of money. 
It should be read very carefully by all rood Engineers in India. As 
has been pointed out by the author, large savings can be etfected bj' 
adopting one of tliese speciGcsitioas and this is a very important con- 
sideration for improving the road-rupee ratio. 


Gcneraliy, my comments will be directed to the nomenclature, 
design of the drag-spreader and tlie material for drag-spreading work. 
After dealing with these broad points, I shall express my views on 
minor points either agreeing or dissenting with the author. I feel a 
little proud to mention here tliat the auf^hor has personally invited me 
to comment on his paper. , I have,’ therefore read his.’paper asilrorboshlv 
as I could. • 9 ' 


Notnenclalure. Personally speaking^ i-,do lipt jikp thg/‘iitT(i%f-tlie 
paper. The words ‘'Drag-broomhig'* and "Drajg'.jep'i'e.'fdiiigiJI realtj- mean 
certain operations bufnot a particularly classified type' faf ■c(ili;5tfuction. 

. ' ' >■ r , ' * 


• In tlies'e two processes 'we are nctu.ally laying a' carpet- of coated 
stone dii|)s. In "Drag-brooming" we are mixing stone chips,; Whereas 
in "Drag-spreading" we are spreading premixed stone cliips on'the road - 
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surface with Drag-spreader. I would, therefore, suggest the following 
names for the specification : — 

“Construction of Asphalt or Tar macadam surface by Drag-spread- 
ing/Drag-brooming" and a “Bituminous Macadam construction 
with a Drag-broom/Drag-spreader’’ for the title of the paper, 
the word bituminous being used in its true definition and 
covering Tar products In eitlier case the construction is of 
the Macadam type, the stability of the carpet depending on the 
interlocking of stone drips and the binding properties of the 
bituminous material used. 

Design of Drag-spreader. From inyown experience, I found three 
principal short-comings of a Drag-spreader of the existing design ; 

1. Its inability to allow super-elevation at the curves. The blade 
shown in plate 2 is with a camber at the centre. This 
difficulty may be obviated by having another steel blade with 
necessary super-elevation at one edge. This super-elevation 
may be accurately calculated from tire usual formula — 


W 



where e=Super-elevatlon in feet, 

W=Width of the road in feet, 

V=! Velocity of the vehicle in feet per second, 
R=Thc radius of the curvature of the road in feet. 


Usual practice, however, is to keep the same rise iir the centre of the 
road and to elevate the outer edge by twice the central rise above the 
road surface. Taking the author's example, the super-elevation will be 2 
rnches at the outer edge of the curve of the road surface and therefore 
tile blade should, be straight from edge to edge. 


2. The other short-commg of the present design is the inability to 

ad]ust Its width to the road width. It is very common to 

witness the road width varying from say 20 feet in tlie town to 

18 or 16 feet in the suburb aud then probably to 12, 10 or o 
feet outside town limits in the case of a road emerging ' out of a 
fi.fferept widths.are adopted for different roads in 
th^^me distnct , which may pe due to economic considerations 
S these roads. 

v”" “ 

’^>^f‘g-spreadei'';:fpr. different 
. thicknesses of the carpet may be considerably improved bv 
, .adopting the arrangement shown in fig, 2, facing -page. ?|ol. 
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The blade carrier is strapped by a 3/8 inch mild steel plate. 
Another 1/2 inch plate bent twice at right angles is screwed on to 
the runner frame by four wood screws. The timber blade with 
its steel edge is suspended by means of a bolt passing through 
a slot in the strap plate and is capable of being lifted up or 
lowered by the nut on top of the Z shaped plate fixed in the 
runner. In the design presented by the author the adjusting 
nut is at the sides of the runners and the blade is held up by 
friction only. With long periods of work the blade may slide 
down slightly thus decreasing tliickness of the carpet to be 
laid. In the suggested design, carpets from I inch to 2] 
inches may be laid. 

Materials. Referring to page 164 of the paper regarding binder, I 
would state that recently experiments of drag-spreading on the Sitamarlu 
Road were conducted with Socofix, Socony Asphalt Grade 105, Tar 
No 3 and Tar No. 3A. I believe the details regarding the use of these 
materials would be of interest to all Road Engineers 

Experiments with the first two materials were conducted by me 
with the assistance of the Engineering staff of Muzzaffarpur District 
Board and were witnessed by Mr. Murrell himself, Mr. B. B. Gupta, 
Executive Engineer, P. W. D., Rai Bahadur U. S. Jayaswal, Rai Saheb 
Sahay, Assistant Engineer, P. W. D. and P. W. D. overseers. 

Socofix, which is a medium-curing cut-back asphalt containing 
nearly 80 per cent of bitumen, was used cold at the rate of 3 3 pounds per 
cubic foot of j-inch stone chips The mixing was done by hand-operated 
drum mixers. Each batch of 3 cubic feet required only 2 minutes on 
average The premixed chips were carried by wheel-barrows and 
delivered in front of the drag-spreader. 

ft 

Socony Asphalt Grade 103, which is a steam refined asphalt of 
80/100 penetration, was heated to 375 degrees Eahrenbeit in steel drums 
over ovens dug at the road ffank. xo pounds of this asphalt was taken 
out to which was added i pound of Socosol and well-mixed up by stirring 
with a stick. The asphalt with Socosol, was then poured over a batch of 
3 cubic feet of i/2-inc3i stone chips loaded in a drum mixer For better 
and quick mixing, half the quantity of asphalt was added to the stone 
chips, the drum mixer rotated for 2 minutes and then the balance of 
asphalt was put and the mixer turned again until all the stone chips were 
thoroughly coated. Each batch tobk 5 minutes to mix ou/the average! 
The mixed chips u ere carried as usiial by means of w.heeJ-baiyows and 
delivered in front of the drag-spi'ea%ef.,^ . ' • - ' ' - - 

, With Sqconj' asphalt, the roHing 'was y&ne|w[ni&fiimmedtajtely' fitted 
spreading, while with ISocofix rolling was doq^ 4 to fi^hqursf. Thi^ 
was due to higher percentage of solvent contained,', in Socofi?i* in ordeA- 
that this ifiaterial may' be used cold. ‘ 

As''regards the working of the drag-spreader and the orgatrisfttioii oft 
labour, I ^would suggest that it would be sufficient and economical to*^ 

>-7 - 1 
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operate 6 mixers With too large a number of mixers, there would be 
too many coolies resulting in confusion, less effective labour and excessive 
labour cost Twenty or thirty mixers would require a large area and due 
to insufficiently wide flanks generally available, the lead would be 
excessive. Also with too rapid a progress of drag-spreading work, it would 
be necessary to move the mixers forward constantly, adding to the 
confusion. With six mixers, it is possible to get looo cubic feet of mix 
per day which would cover 10,000 square feet of road surface one- inch 
thick. 


The labour required for the output per day would be as detailed 
below : — 


Gang 1 . I. 

2. 

3 - 

4. 

5. 

6 . 

Gang 2 . 7. 

8 . 

9- 

10. 

Gang 3. ir. 


12. 


Screening stone chips and filling measures . . 

Carrying stone chips to mixers 

Filling in asphalt and weighing the same . . 

Carrying asphalt to mixers 

Turning Drum mixers 

Carrying premix in wheel barrows 

Pullipg Drag-spreader 

Wetting Roller Wheels 

Carrying water for boiler and roller wheels . , 
Touching up carpet after dragging and rolling 
Cleaning road surface 

(a) with wire brushes . . 

(b) with bass brooms . . i " ' ’ 

(c) with soft brushes 
Applying Primer or tar coat 


4 

.. 6 
.. 1 
.. 2 
.. 24 

3 

5 

. . 2 

3 

. . 2 

.. 6 
.. 2 
.. 6 

.. 4 




With two parallel wooden handles at two sides and le two "ro' 

-th^T^is?do”M^^ 

quick and ecoLmical. United Provinces, and 


is 


very 


the tofeVErcLrS^uf 6 annas, 

feet whereas, doing thisame work a^aare 

cost neatly twice as much. I havedSberate ^ I'ave 

ruenaslamof opmionthatthe..speed;&cS^^ as 

are faampMed.^ employing womte^brljbvs whn n ^ success 

I, would further ’ suse/fit'i fu appear to be chean/r 

njentioned that all’^^louf' must it should be explicit^ 

kpysi^r wom'en employed cannot work as harS'''^ able-bodied men, Th^ 
and taking the cost of labour on >°^^ever chared 

they are not really cheap. 1^ can be Wnd' t^t 
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cart and lorry traffic that I am sure this method of drag-spreading dry 
stone metal followed by grouting with hot asphalt will be a success, 
provided, of course, good hard stone is used. It may interest Mr. Murrell 
to know that I recommended this specification to the Executive Engineer, 
Patna for the same road with the only difference that the stone metal 
would be hand-spread instead of drag-spread but unfortunately still, 
trial and error methods are being tried on the road which carries 
heavy cart traffic. With Gaya stone metal, there is no reason whj' this 
specification would not yield a strong and durable surface. 

Referring to last paragraph on page 172, I would refer Mr. Murrell 
to page 29 of the booklet entitled “Asphalts for India"”' published in 
October 1939 by Standard-Vacuum Oil Co., India. Mix-in-place construc- 
tion using a dragbroom on rough water-bound surface has been described 
there For a bituminized surface the quantities of Socofix should be 
reduced according to the age and condition of the surface to be treated. 

Reply of Mr. W. L. Murrell, O.B.E., (Author), to the above comments. 

Nomenclaltire. Mr. Das Gupta objects to the title of the Paper. 
I would like to point out that the processes have been properly named 
at the commencement of tlic detailed specifications on pages 173 and i8x. 

Mr. Das Gupta, like vcr>' many others, has apparently missed a most 
important point in that tlie road-raix-seal process provides a seal as well 
as a carpet. A carpet by itself cannot be relied on to waterproof a 
pavement. 

Design of the Drag Spreader. The spreader as shown in Plate No. 2 
with the Paper is fully designed to cope with super-elevation jobs. 
Mr. Das Gupta might please again read the paras at the foot of pages 
158 and 160. 

I quite agree that it would be very nice to have a drag spreader 
of adjustable width so as to cope w'lth roads of varying width. But 
Mr. Das Gupta's design is of no help in this respect. It is no 
use lengthening the blade unless the distance apart of the runners or 
skids is also varied. No doubt this could be done but it would vastly 
complicate matters. The present aim is for simplicity and cheapness 
of plant. 

The drag spreader as now designed is so cheap that more than 
one can be purchased for each sectional officer or overseer. And 8 feet 
spreader will suffice up to 10 feet, the two one-foot wade side stretches 
being spread by hand. A* V^p^puder will similarly do up 

to 12 feet. *• -w • •'•''l' • ' '' - 

* * I * * 

For 16 feet wide roadways, two rubs are^'taken with the 8.‘feet 
spreader. " 

As' regards ^tlie blade adjustment 'proposed by Mr. Das Gupta, 
I Would mudi. prefer tlic simpler one already shown in tlie plans with 
the Paper, ‘ 

* The booklet H arailablc in the library of iho Indian Roads Conerreas- tirfr C-atnloeiie 
No. IRO, JOS. 
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Mr. Das Gupta's proposed design is rather elaborate and unless 
a system of double nuts were used it would not prevent the blade from 
rising, and thus riding over the premix. 


Mnleriah:— On. page 164, I mentioned Messrs. Burmah Shell 
Products because certain engineers of that Company were the first to 
appreciate the great advantages of the drag spreader both in Australia 
and India, and because carpets drag spread with Shell products in India 
a year or so ago are standing up very well. 

Now, Socony and Shalimar products have been used and, so far 
as can be seen, they are quite satisfactory. 


Labour I wish to thank Mr. Das Gupta for his notes on the 
organisation of labour for drag spreading. My paper falls a good deal 
short of what is possible in the matter of labour organisation, and 
Mr. Das Gupta has capably supplied the deficiency. 

It is a fact that good organisation can greatly reduce the number 
of drum-mixers, and consequently the cost of the work. 

'rhe secret lies in loading the drum quickly and in taking the 
premix by the quickest possible means from the drum to its place in 
front of the spreader blade. 

Next, there is the question of getting the stuff from the drum- 
mixer to its place on the road before the spreader blade. 

It will be noticed that, under the heading "Feeding the Drag 
Spreader" (page 177), I have specified that "the premix shall be carried 
promptly in clean iron karats to the drag spreader." 

As a matter of fact, whcel-lxiTrows are used in Australia, the 
barrows just passing under the draw-bar pipe, and the premix being 
spilt in front of the blade by tilting the moving barrow. 


When drawing up the specification I thought that wheel-barrows 
were too scarce iu India to include them in the specification but, on 
a recent job, two such turned up by accident and they doubled the 
rate of spreading. The barrows were pushed under the mixing drums 
and the premix was emptied directly into them from the drum. 


For 'lyoading' and "Feeding the Drag Spreader," I would there- 
fore/^ refer Mr. Das ,Gupta^to_ ray.’remarks on page 190(a). 

• '* ^ y , V s* ^ ‘ 

Ac t*OCrSkTi1c 'Dec Viva 


i . ‘ \ 1 • * f 

- w ■ ■■ 'a' Straight asphalt tried ^or grouting chips 

drag-spread '-as' 'a sUioothening coat, for I am always o|ei(yto;'conViction. 
But I do nbt see, how .the, requisite amount of sucJ^^ha&r 'Could 
run into the hollows in the rough road surface'-in o^r'Xo.s'hgment 
the biflfder ^ere and so -enable if. to cope with the mfcess^iAipa' in 
those h#M"' . ' ' 
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I thank Mr. Das Gupta also for pointing out the specification 
on page 29 of the booklet ‘'Asphalts for India." 

Mr. W. L. Murrell, O.B.E., (Author) has offered the following further remarks 
in conclusion : — 

As regards the road-mix seal process, I feel that I have failed rather 
miserably in "putting this across”. Most road engineers appear to 
consider it as a mere alternative to tlie drag spreading of a chippings 
premix, or to an ordinary surface treatment. 

I only wish that these road engineers could see the many hundreds 
of miles of water-bound road which I have .«ccn which wetc too rough 
for ordinary surface treatment, and 3’et not so rough that they must 
be reconsolidated before doing a surface treatment. It is in these 
hundreds, or thousands, of miles that road-mix seal has come into its own. 

Perhaps I have been too optimistic in believing that the cheap 
India-made drag broom could perform a sufficiently large portion of the 
duties of a proper road mixer. 

On the other hand, as regards the spreading of a chippings premix 
by means of the drag spreader, I do feel the greatest satisfaction that, 
with the blessing of the highway engineers of both the bitumen distributors 
and of the tar distributors, the process has come to stay, and do its 
share towards improving the road-rupee ratio. 

Those who have followed what has been done to date as regards 
drag spreading will bj' now have seen that the process is "O.K." by 
bitumen. 

I liave been promised notes and photographs of successful drag 
spreading with Indian tar products; but it appears that they will not 
arrive in time to receive detailed description or reproduction in this 
volume of the Proceedings. 
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rj< rr r* '^ITE desteiictive effecl of Troii- 

J. M M, aS Tyred Cart '^I’raffic on surfaced 

roads is only too apparent and con- 
nWJW ¥ stitntes one of the major Road Prob- 

lenis of India. The only really satis- 
factory solution is to convert this 
^ A traffic —especially the heavy traffic 

A of the professional carter — from Iron 

Tyres to Pneumatic Tyres, The pni’ely 
n D ¥ r li/f rural Bullock Cart does not do much 

I MJM^M^lrA daniape to surfaced roads, is used only 

periodically, and often does not use 
Iron Tyres. Tlic operation of the 
Troii-Tyrcd cart is mostly connected 
with money Transport; ».e., transport for hire. These 
carts are Iron-Tyred— can-y heavy loads and operate 
on surfaced i-oads in and out of Towns, Cities, 
and in toansport to Stations, Mills, River Ghats, etc. 
* If these carts yvero converted to Pneumatic Eqnip- 

^ inent, large sums of money now needed for road 
maintenance could bo saved and spent on new roads. 
Much could be achieved by tackling this problem 
piece-meal in suitable areas and by 
PROPAGANDA and example from Public Authorities, Govern- 
ment Bodies, etc. 

AMENDMENT OF BYE LAWS & REGULATIONS 

In order to regulate loading of carts and provide 
increased ])ay-loads for carts with Pneumatic Tyres 
and Roller Bearing Hubs. 

• \ 

TAXATION — I'he exemption of Pneumatic equipped carts from 
local taxation where such exists and the imposition of 
Taxation on Iron-Tyi’ed carts plying for hire. 

ROAD RRIVILE<?ES' , s, ^ 

‘ Th'b'.grautihg of permission for ^Pneuinntic equipped 
\cHrts to use restrict Board aiul'^niial Ronds. 

i'- -* ■ 'r'’ A - 
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